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FROM  THE  PREFACE  TO  THE  FIRST 
EDITION 

Tais  bocA  had  its  origio  in  the  attempt  to  write  an  inttoiltictoiy 
wotk,  dealing  principslly  with  American  (ieolugy,  tiiion  the  Una 
□f  Sir  ArthilKild  Oeikie's  excellent  little  "  Cla.-Ui-Hi>ok."  In  spite 
of  Tigonxu  efforts  at  compression,  it  h«  cx|iiuidnl  to  its  present 
size,  though  the  diflcrrm-T  fr»m  the  "  Class- liook,"  in  this  respect, 
lies  Dot  so  much  in  the  quantity  of  matter  as  in  the  brjjct  size  of 
the  type  and  UlusirationB. 

I'he  book  i&  intended  to  ^rve  as  an  introduction  to  the  science 
of  Ocotogy,  both  for  students  who  desire  lo  punue  the  subject 
exhaustively,  and  also  fi>r  the  miith  larger  class  of  those  who  wish 
merely  to  obtain  an  outline  of  the  methods  and  princi|MiI  results 
of  the  science.  To  the  ftiiure  specialist  it  will  be  of  3<lvantage  to 
gu  u\-er  the  «liole  ground  in  an  elementary  course,  so  that  he 
may  appreciate  the  relative  significance  of  the  \-artous  |uirts,  and 
their  bearing  upon  one  another.  This  accomplished,  he  may 
{Nirme  his  chosen  branch  much  inorc  intelligently  than  if  he  were 
lo  oonfinc  bn  attention  exclusively  to  that  braach  from  ihc  bejpn- 
ntmc  of  his  studies. 

Students,  and  only  too  often  their  instnictor^,  are  apt  to  prefcf 
a  trxt-book  upon  which  they  can  lean  with  implicit  confiilence, 
Bod  which  never  lea>-cs  them  in  doubt  upon  any  subject,  but  It 
■hn^  ready  to  pronounce  a  definite  and  ftnal  opinion.  They 
AHke  being  called  uikki  to  weigh  ni<lence  and  balaiKc  proba- 
biBtici,  and  lo  nupcnd  judgment  when  the  testinvony  h  insufficient 
10  fOAiiy  a  decision.  This  is  a  habit  of  mind  whi4:h  slM>uld  be 
Aiooaniied ;  for  it  deludes  the  learner  into  the  belief  that  he 
knows  the  wbject  when  he  has  only  acijnited  some  one's  opinions 
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and  dogmas,  and  renders  further  progress  exceedingly  difficult  to 
him.  In  no  science  are  there  more  open  questions  than  in 
Geology,  in  none  are  changes  of  view  more  frequent,  and  in  none, 
consequently,  is'  it  more  important  to  emphasize  the  distinction 
between  fact  and  inference,  between  observation  and  hypothesis. 
An  open-minded  hospitality  for  new  facts  is  essential  to  intellectual 
advance. 

■  •'•  •  •  •  • 

In  preparing  this  book,  I  have  of  course  availed  myself  of 
material  wherever  it  was  to  be  found,  but  I  wish  to  acknowledge 
my  special  obligations  to  the  text-books  of  Dana,  Le  Conte, 
Geikie,  Green,  Prestwich,  Credner,  Kayser,  Neumayr,  Koken,  de 
Lapparent,  and  Jukes-Brown.  From  the  last-named  writer  is 
taken  the  arrangement  of  the  Dynamical  Agencies,  which  expe- 
rience in  the  class-room  has  led  me  to  consider  as  the  best. 

Princeton,  N.J., 
Jan.  IS,  1897. 
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The  ten  yean  that  hav«  pxssrd  sinco  (Ik  (iiit  |iHbilli.-Altoii  of  ihU 
book  have  been  years  Eraitfui  of  resiilta  in  gvoloiticjil  kitowlolgr. 
Some  depanmcnts  of  the  subject  have  been  falily  rrvoliilioiiliH 
and  in  all  ihcic  has  been  ^teat  piogK%a,  no  ihal  ntiT  U-xt-lfHik 
ten  yean  ohl  is  nece»art1y  left  for  behimi  in  the  getirral  iwlvuncp. 
Revision,  indeed  lewniing,  hiu)  become  impemlivir  to  litcoiiM^tuin 
the  most  important  and  tiignificani  puts  of  the  newer  ti'Htih*,  iii 
vcti  as  to  reiDo^'c  aa  many  of  the  defects  ai  I  mifthl  be  idile  to  do. 
Tbe  increase  in  size  is  an  exiremcly  legreltablc  feature,  tint  1  Imvi 
AM  leen  my  way  to  avoid  it,  for  it  b  brftely  due  to  the  murh  fintnler 
■mmber  of  illmtraliofis,  and  these  were  oee(Ie«l  in  lite  IniDiBila  at 
cInmetK. 

Kliile  many  minor  chaEnget  have  been  made,  the  geiutral  |iUn 
of  ibe  book  remains  the  same,  for  cxprrHrnee  haa  convlllMd  m 
tbu  the  somewhat  rigidly  conveniitmal  nrraAfcemenl  of  Uiptrfli 
whtcb  has  Kifficieotly  evident  drawtxick*,  is  of  actual  aMittanct 
Id  the  bc^aner.  It  avoids  conliisinK  him  by  any  (it  v  in  it  lure 
■neinpt  to  point  out  tbe  infinitely  ramifying  retalions  of  evrry 
bet  of  natoTe.  One  of  (he  kcenei)  picasitrei  of  mtelle<  tual  ||fir«lh 
ii  tiw  amiiinal  iSacovery  of  these  unusprcted  rclaiioM,  Ixii  tot 
dtt  bcgwMT  ibc  suDpIer  and  more  obrioni  line  of  muonmi  k 
■e  wott  pTOntabie* 

Tiw  laboxt  of  revision  ha*  bcea  greaily  irgbtened  by  CtwH 
■*—'">■**  sUMC^HMsea  of  geological  learning :  the  tecond  edUkm 
tf  Kayaci'f  -  Ldvfaach."  tbr  bonb  cdiiioo  of  Oikie's  "Teii- 
kik.'Mddie''Ceolo{y-of  Ch»mbetBaan(l!WiabarT.  To  all 
rftfwr  oy  obBgniooa  are  great,  eipceially  Ibr  the  fatbtlo||ra^k* 
I  tb^  caoCaiB  and  wbtcb  have  rendered  [he  cADectioa  of  ibe 
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newer  technical  literature  of  monogrsphs  and  papers  a  rouch  Icm^ 
onerous  Insit  than  it  cotilc!  otherwise  have  been. 

lu  this  new  edition  I  have  introduced  a  very  considerable  num- 
ber of  brief  (juotaiions,  at  the  request  of  some  of  those  who  have 
employed  the  book  as  a  convenient  work  of  reference  and  who 
desire  to  know  the  authority  upon  which  the  more  novel  or  less 
fiiniihar  stalemcnls  have  been  made. 

It  gives  me  great  pleasure  to  express  my  thanks  to  the  many 
friends  who  have  assisted  me  in  my  tinderiaking.  To  Mr.  C.  W. 
Hayes  and  Mr.  Bailey  Willis,  of  the  United  Stales  (leological  Sur- 
vey, I  am  under  panicul.tr  obligations  for  the  kindness  which  en- 
abled me  to  profit  by  the  magnificent  colleirtion  of  photographs 
which  the  Survey  hat  gathered.  It  so  happened  that,  but  for  this 
kindness,  otntacles  of  a  temporary  nature  would  have  prevented 
my  enjoyment  of  this  privilege.  Mr._  Willis  was  also  kind  enough 
to  give  highly  valued  assi.stance  and  counsel  in  many  other  direc- 
tions. 

Professor  \V.  H.  Hohbs  sent  me  proof?  and  manuscript  of  un- 
pid)lished  books  and  papers  on  scismological  subjects,  a  service 
which  il  is  difficult  to  describe  adc(|ualcly.  Professor  Bumpus, 
director  of  the  American  Museum  of  Natural  Historj-,  New  York, 
Professor  Oihom,  Professor  R.  B.  Yotmg  of  Johannesburg,  and 
Professor  R.  W.  Brock  of  King*loii,  Ontario,  have  all  been  most 
literal  in  supplying  me  with  jihotographs  and  other  means  of 
illuKlralion.  My  colleagues  in  the  Geological  Department  of 
Princeton  University  have  rendered  assistance  that  was  literally 
invaluable ;  Professor  C.  H.  Smyth,  Jr.,  has  read  the  proofs  and 
has  made  very  many  useful  and  timely  suggesrions,  and  Dr.  W,  J. 
Sinclair  look  many  photographs  especially  for  the  book  and  has 
given  me  the  benefit  of  hi*  experience  in  using  it.  Greateitl  of  all 
are  my  obligations  to  Mr.  tJilbcrt  van  Ingen,  lo  whom  the  book 
owes  much  of  irhnicver  good  il  may  possess ;  he  made  a  large 
number  of  the  photographs,  prepared  the  ma^s,  selected  the  in- 
.vertebrate  fossils  for  the  plates,  and  supervised  the  admirable 
^drawings  upon  which  Mr.  Horsfall  has  expended  such  p.iins  and 
kill,  and  gave  much  useful  auUtancc  in  the  uraligraphical  pan. 
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As  to  Ihe  figures  in  the  plates,  a  word  of  exptanaiton  b  reiiutrecl. 
A  few  only  arc  original ;  the  great  maJHriiy  are  taken  from  mono- 
grapm  by  well-known  witters,  but  alinoj-i  iill  have  Iwrn  w  modified 
by  restoration  or  oihvrwite  liuLt  it  did  not  seem  proper  lo  put  the 
rcsponsibiliiy  upon  the  ori^nal  authority. 

During  Ihe  past  ten  yeari  I  liave  received  ruany  letters  contain- 
Ing  criticiiins  or  the  Ixwk  and  suggestions  for  its  imptoventent  in 
one  or  <(ther  partirular.  So  far  as  lay  in  my  power,  I  have  en- 
deavMiiTctI  to  ixofii  by  lhe»«  criticisms  and  nuggevtions,  and  t 
wish  to  thank  those  who  have  taken  the  trouble  to  write  thrtn  for 
ny  benefit. 

FinaUy,  I  venture  to  express  the  hope  that  Ihe  new  edition  may 
fioil  a  place  of  useTulneu  in  a  crowded  lield,  notwithstanding  the 
defects  of  whw-h  I  aro  very  well  aware  but  have  not  been  able  to 
remedy  in  the  time  at  my  dii.ponl. 

Ps  menus,  N.J.. 
Ou.  lo,  1907. 
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INTRODUCTION 


Ge^ogy  is  Ike  study  of  the  tinuhirt,  history,  and  dtvdofinunl  of 
At  earth  and  Us  inhabitdiUs,  as  revenJtd  in  the  rocks. 

From  tiuA  deftDitiou  it  is  ap|»rent  Utat  ihe  ceninl  praUctn  in 

geology  is  the  deciphering  ai  the  earth's  history,  and  (hat  the 

Iwtoirical  standpoint  is  dominanl  throughout.     For  (his  purpose 

it  fe  aecesKir]'  to  apply  the  k»u1i»  und  principles  <>f  all  lhi»e  xci> 

caces  which  can  aid  us  in  intcrpmin^  the  record  contained  in 

Ibe  mck-t.     Astrunoroy,  ph)-!ti»,  cfaemi.itiy,  minrnilogi,-,  physical 

Reognpby,  botany,  and  xc>5log}'  are  nil  needed  in  the  [ask,  nod 

pology  as  a  true  science  did  not  become  possible  until  t]ic  other 

scicDCcs  were  «uiricient)y  advanced  to  afford  ti  solid  foundation 

ior  iL 

The  histnt^'  of  the  earth  invo!v-e«  vast  periods  of  time,  to  be 

^^peasured  only  in  millions  of  year*. — no  one  can  say  how  many, — 

^Hb  that  all  our  familiar  cum-epiiunn  of  "  ancient  "  and  "  modem," 

deiired  from  ihc  historj-  of  our  own  race,  must  be  greatly  clnnged 

Ibtton  they  can  be  mppltcd  to  Ke<JoK<<^  time.  In  reaching  its 
pmcnt  condition,  tlw  earth  has  {lasiicd  through  m^ny  stages  of 
change  in  il»  geographical,  dimalic^and  biological  relatione,  mosi 
of  ifacsc  stages  leaving  l>chind  them  records  which  are  presen'ed 
in  the  ttucoeraiTC  bycr^  ol  rock. 
L  In  order  to  rea<]  (he  recor<l  contained  in  the  rocks,  it  is  first  of 
'  an  necessary  to  learn  the  language  in  which  it  is  written.  This 
can  be  done  only  titrough  an  intimate  aci|uainlance  with  all  the 
laellUKk  in  which  rocks  arc  made,  and  with  the  changes  which  the 
nda  tindergo.  This,  in  tum,  implies  a  knowledge  of  all  l))o»e 
pfOcesBce  which  are  now  at  work  in  modifying  and  changing  the 
^bc  tnlcmaOy  and  on  the  surface.  Ju.st  becau.se  our  knowledge 
ti  ibc9C  melbuds  and  prucexws  is  often  incomplete  and  vague,  do 
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we  so  frequenlly  find  the  fjeological  record  ambiguous,  open  to 
several  inierprctations,  or  irccn  quilc  unintelligible.  Ag.iin,  many 
chanjtes  go  on  under  cor»litionii  which  render  direct  observation 
impossible,  cither  because  ihey  are  confined  to  the  deep  interior 
of  ihe  earth  and  are  thiui  beyond  our  reach,  or  l)ccausc  their  opera- 
tion is  so  slow  that  a  lifetime  is  all  too  short  (or  their  deteclton. 
In  such  cases  we  must  deduce  the  invisible  cause  from  the  visible 
cffcci,  but  it  is  often  extremely  difficult,  or  even  im|ir;icticnt)le, 
from  miiny  possible  causes,  to  select  the  real  and  rightful  one. 
Hence  come  the  wide  differences  of  opinion  which  the  inlerpreia- 
tion  *o  often  calls  forth. 

As  a  living  and  growing  science,  geology  is  subject  lo  eontinual 
change,  a  change  which  is  by  no  means  a  simple  advance  from  one 
point  to  another,  but  an  unending  revision  of  opinions,  a  perpetual 
tearing  down  and  rebuilding. 

To  many  Intelligent  people  this  continual  modification  of  scien- 
tific opinion,  which  is  a  necessary  consequence  of  advancing  know- 
ledge, i^  a  source  of  annoyance.  This  attitude  of  mind  comes  from 
a  failure  to  discriminate  between  fact  on  the  one  hand,  a  nil  inference, 
or  hypothesis,  on  the  other.  Accurately  observed  facts  may  be 
addi-d  to,  but  thev'  remain  trustworthy;  the  changeable  element  is 
Ihe  inference  which  is  drawn  from  the  facts.  These  inferences  are 
of  very  dilTerenl  degrees  of  certainty.  Stimesuch  deductions  which 
were  made  centuries  ago  remain  unshaken  to-day,  while  others  of 
far  more  recent  date  have  pniveil  tllu.'tory.  Thus,  when  we  find 
a  rock  composed  of  cemented  sand-grains,  arranged  in  regular 
beds  or  layers,  and  full  uf  marine  sliell.i,  we  infer  ih.it  it  was  formed 
under  the  sua,  and  further  that  the  land  where  the  rock  is  now 
found  was  once  covered  by  the  sea.  Such  inference.s  are  prac- 
tically certain,  because  they  explain  all  the  known  facts  and  arc 
in  conflict  with  none.  On  the  other  hand,  the  hy|K)theMS  <rf 
Cuner  and  other?  as  to  the  character  of  the  earth's  development, 
and  the  manner  in  which  the  successive  a.<t3emblages  of  animals 
and  plants  were  ai!le<l  into  being,  have  been  long  abandoned. 

In  the  process  of  reasoning  from  the  known  to  the  unknown. 
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the  inferences  become  the  more  uncertain,  (he  farther  we  recede 
fnim  denMin.itraI>le  fad,*.  Hj'|H>tliescs  are  lu^umptions  which  we 
mAc  to  explain  and  codrdinatc  Utf^  n\iiti\>en.  of  facts,  and  so 
bng  as  tfaejx  true  nature  U  uiirler^KHHl,  they  arc  useful,  indeed 
indispeiis*blc,  means  of  reaching  the  truth.  The  objection  a  that 
they  are  too  often  lauj;ht  as  lhou};h  they  were  established  beyond 
dispute.  A  true  ht-pothesU  will  prove  to  be  in  harmony  with 
wwly  discovered  facts,  which  will  take  their  |>lace  under  it  simply 
and  nalurally.  A  false  h-i-poihcsis,  on  the  other  hand,  may  be  in 
accordance  with  all  the  facia  known  at  the  time  when  it  was  pro- 
potcd,  but  the  progress  of  discovery  will  bring  to  light  facts  which 
are  inconsistrat  with  the  h)-pothesi.<>,  until  it  h  plainly  ween  to  be 
inad«|uaie  and  nu.'ileading.  Vet  eveii  a  falw  hrpothc$i§  may  serve 
s  useful  purpose,  for  it  puts  before  us  a  definite  problem,  instead 
of  a  mere  catalogue  of  uncorrclated  ulwcrvii lions,  The  pathway 
of  every  science  is  strewn  with  wrecks  of  hypotheses  which  have 
be«n  uMd,  worn  out,  and  thrown  aside.  In  all  our  thinking 
and  reasoning  the  distinction  between  hypothesis  and  fact  mu.<tt 
be  steadQy  held  in  view. 

Geology  is  a  unit  and,  though  for  the  purpose  of  orderiy  treat- 
tneni,  it  is  necessary  to  divide  the  subject  into  vari«a»  prttvinces, 
it  should  l>e  clearly  undiTSlood  thjit  lhr<e  pronnces  are  rather 
the  Ysrious  aspects  and  phases  of  the  same  science  than  actual 
tfiriwom.  [^vcr>'  part  of  ihc  subject  is  m  intimately  related  to 
wfgiy  other  part,  that  any  possible  arranKcmcni  involves  the  mure 
nr  less  viulcni  »eparBtion  of  things  that  belong  together  and  requires 
much  anticipation  and  repciition.  The  past  is  meaningIe-»  unless 
mv  understand  the  present,  and  a  full  undcrst;inding  of  the  present 
can  orUy  be  gained  ihioufth  a  knowledge  of  the  past,  yet  it  U  ob- 
vbtB  that  we  cumot  deal  wiih  both  pa$(  and  present  simuliane- 
raily.  Although  it  b  an  undoubted  evil,  some  classification  is 
Bcccsaarir'.  if  we  would  avoid  (ocung  ourselves  in  bewildering  laby- 
nubs  of  dctait 

Tbe  dcfiartmenls  tntu  which  geology  is  usually  divided  arc  lis 
lolhms:  — 
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t.  D^nanucal  Geology,  or  the  study  of  the  forces  which  are 
now  at  work  in  mixiifying  Ihu  surface  of  the  c;irih,  and  of  the 
chemical  and  mechanical  chanRes  which  they  effect.  This  is  the 
key  by  which  we  may  itiler|iret  jxwt  chaiijies. 

a.  Structural  Geology,  or  the  study  of  the  materials  of  which 
the  eurlh  is  tumiKi.setJ  and  of  the  manner  in  which  Ihey  are 
arranRcd;  together  with  such  explanations  of  the  modes  in  which 
thp  arrangement  was  produced  a.<t  may  l>e  inferred  from  the 
structure. 

3.  G«omorphology  (also  called  Physiographical  Geology,  or 
Physiography)  is  an  examination  of  the  topographical  features 
of  the  earth  and  of  the  manner  in  which  Ihey  were  produced. 
Primarily,  this  subject  is  a  province  of  physical  geography,  but  it 
is  a  valuable  adjunct  to  geology. 

The  three  foregoing  divisions  together  constitute  a  larger  division, 
which  is  called  Physkal  Geology,  and  which  is  contrasted  with  — 

4.  Historical  Geology. — This  U  (In-  study  of  the  earth's  hir^lory, 
the  changes  of  level  between  land  and  sea,  of  tojiography,  «f 
climate,  and  nf  the  .succe.'^ive  groups  of  animals  and  plants 
which  have  liwd  ufwn  the  globe.  The  historical  is  the  domiiuuit 
sland])oint  in  geology,  tlie  main  problem  of  which  is  to  interpret 
the  records  of  the  earth's  history.  The  oth«r  departments  are 
the  means  to  this  great  end. 

While  the  geologist  needs  the  help  of  almoM  all  the  other  [thj^si- 
cal  and  natural  sciences,  he  has  his  peculiar  province  in  the  rocks 
which  make  up  the  accessible  crust  of  the  earth.  These  rock.i  are 
aggregates  of  a  comparatively  few  common  minerals,  called,  for 
that  reason,  ibe  rock-forming  minerals.  A  study  of  the  prooesscs 
now  going  on  shows  that  rocks  are  formed  in  various  waj-s  and, 
in  accordance  with  ihesc  modes  of  formation,  they  may  bo  gnnipixJ 
in  three  great  classes:  I.  Igneous  Rocks,  or  thwc  which  have 
solidified  by  cooling  from  a  state  of  fu.'tion  and  are  therefore  not 
divided  into  layers  or  beds,  arc  either  glassy  or  cr}'stalline,  and  ar« 
compoised  of  complex  minerals.  The  ic'ieous  rocka  have  farced 
way  upward  from  the  earth's  interior,  thus  penetrating  the 


INTRODUCTION  5 

overlying;  rocks  in  ^-arious  ways.  A  familiar  example  of  thii 
poup  h  lanL  II.  SeAimfttary,  or  Stralified  Kocks,  those 
vfaicfa  were  nccumuUtcd  under  water  or  on  land  in  a  series  of 
sncnsstve  beds,  or  strutu,  from  miiterinl  derived  from  ihe  dis- 
tiUef:ratkin  of  older  roclcs,  and  arc  generally  fragmcnlaiy,  or 
Don-crystnlline,  and  composed  of  Mm)>ler  mineinU  than  )bo«e 
which  make  up  ihc  ieneous  rocks.  Speaking  broadly,  the  beds 
of  (be  «e>limeiii.iry  rocks  were  orlKinutly  bid  duwn  in  a  horizontal 
posilioD,  and  hence  when  they  arc  found  to  be  tilted,  inclined,  or 
foUcH,  it  followft  thai  they  ha\-o  been  disiurbcd  from  ihetr 
DfiltiruU  attitudes.  III.  Mft-imorphic  Koih,  or  those  igneous 
or  Kcdimeni^ry  rocks  which  ha\-c  been  more  or  lea.4  profoundly 
ncaoBtructcd  in  place,  often  with  the  generation  of  entirely  new 
ninemlt. 

In  the  acccssibte  port  of  Ihc  earth's  crust,  rocks  of  all  kinds 
(inbia  than  loose  materials,  such  as  sand)  are  dit'ide<)  into  pieces, 
bjr  verticaJ  ami  horiwinial  juirtin^  which  arc  ciille^I  ;oi<i/j  (s«  p. 
369).  In  addition,  the  rocks  arc  divided  into  still  larger  masses, 
or  Notks,  by  a  profaunder  system  of  ftMures,  and  planes  of 
i&location,  or  faitllt  (sec  p.  353).  The  blocks  are  of  all 
sues  up  10  tbowtands  of  scjuare  miles  ami  duwn  to  area»  of  a 
fnr  square  feel,  and  thus  the  surface  of  the  earth  has  been  well 
compared  to  a  vist  mosaic  of  ro<-k  pteces. 

The  crust  of  our  planet  is  called  the  iilhoipkere,  a  shell  of  rocks 
of  unknown  Ibtckness.  Within  the  liiho9^)here  fc>  the  great  mass 
of  the  earth,  nr  ftntrospherf.,  concerning  which  we  know  only  that 
h  b  hlRbly  healed,  of  great  deniily.  and  under  enormous  |>res!ture. 
Tbc  surface  of  ihc  i;lobe  is  vvry  irregular  and  co\'crcd  with 
elevvtiuns  atwl  deprcsi^iona^  The  deeper  depressions  are  filled 
wiUt  water  and  cnnslilulc  the  ocean  ba^ns  which  in  area  bear 
lo  the  bnd  the  proportion  of  3.54:1,  and  this  incomplete  en- 
tdope  of  water  U  XhchydrMphtre.  If  the  xtirface  oJ  tliC  earth 
were  smooth,  the  ocean  would  cover  it  entirely  to  a  depth  of 
nearly  two  miles.  Finally,  the  almos^ere  is  a  ga&eous  envelope, 
which  codufica  the  earth  completely. 
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CHAPTER    A 

THE  ROCK-FORHING    MfflERALS 

Of  the  simple  undccomposablc  substances  which  chcmiats  call 
dements,  and  of  which  nUher  more  lh;iii  seventy  li;ive  btrcn  ctis- 
covCTcd,  only  sistccn  enter  at  all  largely  into  the  composition  of  the 
earth's  <Tui«t,  so  far  as  this  L<  arcessihle  to  ohscrvaiion.  It  is 
estimated  that  g8  %  of  the  crust  is  made  up  of  the  following 
eight  elements,  arranged  in  the  order  of  abundance,  with  the  [ler- 
ccntages  as  cakuluted  by  F.  W.  Clarke. 

Oxygen 47-07  Calcium 3,44 

Silicon 28.06  Magnesium a.40 

Aluminium    .    ,      ...  7.90  .SiKliiun ...9.43 

Iron 4.43  Potassium 4.45 

The  remaining  right  clemcnu.  titanium,  carbon,  sulphur,  hydrogen, 
chlorine,  pliosphoruK,  man)|;anese,  and  barium,  are  far  le^  abun- 
dant, but  still  of  considerable  importancr. 

Only  iwo  of  these  elemenb,  carbon  and  sulphur,  are  found  in  a 
more  or  less  impure  stale  as  minerils  or  rock  masses;  the  others 
occur  a.^  compounds,  formed  by  tlic  union  of  two  or  Doore  of 
them. 

A  minfrcJ  h  a  natural,  inorganic  tiulistance,  which  ha.<t  a  homo 
gcncous  structure,  deiinite  chemical  composition  and  ph)'skal 
properties,  and  usually  a  definite  crystal  form, 

Cryshih  are  siilids  of  more  or  lcs<  regular  nn'l  symmctricat  Bh.ipe, 
bounded,  usually,  by  plane  surfaces.  The  number  of  known  crya- 
forms  is  very  great,  and  yet  they  miiy  be  all  gnjnpcd  in 
systems,  which  arc  characterized  by  the  relations  of  their 
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axes.  The  axes  of  a  oysUil  are  imaginiiiy  lines,  which  coonect 
the  cecurcs  of  opposite  faces,  or  opposite  cdfpx,  or  oppo&ite  solid 
angles,  and  which  intersect  one  another  at  a.  point  in  the  interior 
of  the  urystid. 

The  Syjlfms  of  Crystal  Forms  Have  recetve<]  m»ny  nam»,  the 
fdkiw-ing  being  those  which  are  most  gcoeiully  used  in  this 
OMiotiy:  — 

t  bometric  Sjntem  (monometric.  cubical,  regular),  —  In  thii 
system  the  three  we*  are  of  e<iual  length  and  intersect  one  another 
«i  nicht  angles. 

n.  Tetnfonal  System  (dimetric,  |)yrami<l^l).  —The  axes  inter- 
tea  at  right  angles,  but  while  the  lateml  axes  arc  of  equal  length, 
the  verticAl  axi&  b  longer  or  shorter  than  the  laterals. 

ni-  Hexagonal  Systein.  —  Here  four  axes  nre  empIo>^,  three 
equal  lateral  axe^  intersecting  at  angles  of  60°,  and  a  vertical 
uis,  which  is  perpendicular  to  and  longer  or  shorter  than  the 
lalemlK. 

IV.  Orthorhombic  System  (rhomljic,  trimetric).  — The  thwe 
am  inierseri  at  right  angles  and  arc  all  of  different  lengths. 

V.  Moooelinic  Syattta  (monosymmctric,  Mblique).  —  .All  three 
axes  are  of  different  lengths;  the  two  bicrats  arc  at  right  angles  to 
Ckcfa  other,  while  the  third  is  oblique  to  one  of  the  former. 

VI.  Tiiclioic  System  (anorthic,  asymmetric).  — Three  axes  of 
nnccjual  length-v  aitd  obliqtie  to  one  another. 

Ii  is  important  to  benr  in  mind  the  relations  which  the  forms 
sustain  toward  one  another.  For  c-umpic,  a  regular  octahedron 
may  be  derivnl  from  a  cube  by  evenly  paring  oR  the  eight  solid 
■i^les,  tiDlii  the  planes  thus  produced  intersect  one  another, 
tte  centres  of  the  faces  of  the  cub<:  becoming  the  apices  of  the 
lotid  angles  of  the  octahedron.  Conversely,  a  cube  may  be 
fbnned  from  an  octahedron  by  symmetrically  truncating  the 
angle*,  untD  the  planes  thus  formed  intersect.  By  sHcinit  away  the 
tactve  edges  of  a  cube  or  an  octahedron  a  dodecahedron  will 
result.  These  crystal  forms  arc.  therefore,  so  related  as  to  be 
lU  dsrivaUe  one  from  another,  and  the  relation.*  of  their  axes 
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remain  unchanged;  all  ihrcc  forms  may  be  assumed  by  the  same 
miiK-ral,  and  they  thus  proiwrly  belong  in  ihe  siime  syslem.  Simi- 
lar relatioai  may  be  observed  bciwocn  the  crystal  forms  of  the 
other  systems. 

It  might  be  supposed  that  the  crystal  systems  and  the  rela- 
tions of  their  imaginary  uxes  were  merely  miuhematiral  devices  to 
reach  a  convcnicnl  classification  of  forms.  Such  a  conclusion 
uiiulH,  however,  be  a  very  erroneous  one.  Crystalline  form  is  an 
expression  of  molecular  stnidurc.  and  the  physical  properties 
of  minerals  are  closely  relaleil  to  their  mathematical  figure.  Jt 
is  clear  that  these  physical  properties  arc  not  inherent  in  the  ' ' 
molecules  of  the  mineral,  but  arc  <ondilioned  by  the  way  in  which 
the  molecules  are  built  up  into  the  crystal.  Amorphous  substancce 
refract  light  e<iually  in  all  directions,  and  arc  thus  called  iso- 
Iropic:  but  when  an  amorphous  substance  crvstallizcs,  it  assumes 
the  ()ualilies  proper  to  iu  crystal  form.  Thus  water  is  Uo- 
tropic,  whih-  the  hexagfinal  crystals  of  ice  are  .singly  refractive 
in  only  one  direction,  doubly  refractive  in  all  others.  The  same 
substance  may,  under  ditTerent  circumslance.s  crysLilIi/e  in  differ- 
ent systems,  and  will  then  display  the  properties  appropriate  to 
each  system. 

Not  only  the  refractive  powers  of  a  crystal,  but  also  its  mode  of 
expansion  when  healed,  and  it.i  cnnductiviiy  of  cleciriciiy  and  heat 
are  controlled  by  the  molecubr  structure  which  determines  its 
shape. 

The  crystals  of  the  isometric  system,  which  have  their  three  a.^es 
■.>i  equal  length,  are  singly  refractive  in  all  diretliuns,  expand 
equally  when  heated,  and  conduct  heat  and  electricity  equally  in 
all  directions.  Thoje  of  the  tetragonal  and  hexagonal  sj-stems, 
which  have  one  axis  longer  or  shorter  than  the  others,  arc  doubly 
refractive  along  tlic  lateral  axew,  evjund  e(|ually  when  heated,  and 
show  equal  conductivity  along  these  axes.  Along  the  principal 
axi.s  iliey  are  singly  refractive,  expand  to  a  different  degree  when 
heated,  and  display  a  different  conductivity  along  this  aids  than 
k-abng  Ihe  others.    In  the  onhorhomljic,  monoclinic,  and  iritllnic 
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,  which  have  uU  the  axes  of  unequal  lengths,  the  crj-stals 
Mn  iunfiXy  refractive  in  two  directioiu;  ihey  ex]ian(l  unr<]ually  and 
conduct  diffnx'nlly'  along  all  their  axes. 

The  optical  pro|tenii»  of  minerah  are  of  great  value  in  the 
studv  of  nKki,  and  by  the  aid  of  the  {lolaiizing  microscope  very 
minute  cryslaLi  may  be  identified. 

Qesvage  (seep.  11)  is  still  another  ph)-sical  property,  the 
dependence  of  which  upon  crratal  form  U  very  dear. 

Mint  ino^nii-  »uliNtimce«  which  are  solid  under  any  drcum- 
lUiKCS  are  capable  of  assuming  ■  crystal  form,  &»  that  solidi- 
finitlon  and  cry^tallizaiioii  are  usually  identical.  For  the  forma- 
lioo  of  large  and  regular  CT)-stals.  it  is  necessary  that  the  pruccts 
be  padua]  and  that  space  be  pven  for  Uie  intjindual  crystals  to 
gnnr.  Usually  cni^ta  I  ligation  begins  at  many  poim.«  Mmultane- 
:y,  and  the  crystals  crowd  upon  one  another,  resulting  in  a 
of  more  Of  \cfs  insular  crystalline  grains.  The  same  sub- 
which,  when  very  rapidly  solidified,  forms  an  amorphous 
wfll  give  rise  to  'liflincl  trj-slals,  tf  slowly  solidified. 

Cryslallizaiion  requires  that  the  molecules  be  free  10  aww  upon 
odi  Dtber,  and  thus  to  arrange  ihenvrlvr*  in  a  definite  fa.ibion. 
It  may  lake  pbirc  either  by  the  de|>ostuon  of  a  Molid  fn>m  solu- 
tion, by  coottnit  from  a  slate  of  fusion,  or  by  solidification  from 
t]ic  OMtdition  of  I'apoiU'.  In  alt  cases  the  size  and  r^ubrity 
of  ibe  crystals  dq>en(l  u[Kin  the  time  an<l  sj^ace  allowed  for 
their  gmwlh.  to  a  maniMr  not  yet  understood,  amorphous 
•dUds  may  be  convene<)  into  cryMtalliite  aggregates.  This  has 
been  observed  in  the  case  of  certain  glassy  volcanic  rocks,  which. 
ihtH^  amorphous  when  first  solidified,  have  gradually  become 
cyystaitline,  without  losing  their  solidity,  and  a  similar  change  has 
been  observed  in  certain  artificial  glasses.  This  proieu  i»  called 
Jffilrififiition. 

The  actual  steps  of  cr^'stallitation  may  be  obsen-ed  by  slowly 
evaporating  a  sotulioo  of  some  crjrstalline  salt  under  (he  micro- 
•cope.  The  first  visible  step  in  the  process  is  the  appearance  of 
Innunwrabk  dark  points  in  Ok  HM,  which  rapidly  grow,  until 
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their  j,i>hCTJcal  shape  is  made  apparent.  The  globules  then  begin 
to  move  about  nipidly  and  arrange  ihemKclves  in  straight  lines, 
like  -ilrinKS  of  beads,  and  next  suddenly  coalesce  into  straight  rods. 
The  rods  arninge  tliemselves  intu  liiyers,  ami  tliuw  build  up  the 
crystaLt  so  rapidly,  that  it  is  hardly  [wssible  to  follow  the  steps  of 
change.  In  certain  glassy  Tocka,  which  solidified  too  quickly  to 
allow  crystallization  to  take  place,  the  incipient  stages  of  crv-stals, 
in  the  form  of  globules  and,  hair-like  rods,  may  be  delected  with 
the  microscope. 

Forms  and  ComblDatJons.  —  A  farm  is  an  as.seml)lage  of  faces, 
all  of  which  have  similar  relations  to  the  axes.  Two  or  more 
forms  occurring  as  a  single  cn'stal  constitute  a  combinalion. 
Only  forme  beloiiKing  '"  'he  same  sy>tem  can  <)ccur  in  combina- 
tion, but,  even  with  this  limitation,  the  variety  and  complexity 
of  o^-staU  are  very  great.  Certain  furm.'s  occur  which  may  !« 
regarded  as  developed  from  other  forms  by  the  suppression  of 
one-half  or  ihrce-ciuariers  of  the  faces  of  the  latter. 

Irregularities  of  growih  (dLstiirttun)  arc  very  common,  some 
faces  of  a  form  being  larger  than  others,  while  certain  faces  may 
even  be  obliteraietl;  hut  however  great  the  variation,  the  angle 
a1  which  corresponding  faces  meet  invariably  remains  con.stani 
for  each  mineral. 

Massi\-c  and  imperfectly  cri'stallizcd  minerals  may  coDMSt  of 
grain.'',  ftbre.s  or  thin  layers  {laminir). 

Hardness.  — The  hardness  of  minerals  is  a  useful  means  of  iden- 
tifying ilicm.  For  this  purpose  they  are  referred  to  a  scale  of 
hardness,  ninging  from  such  sod  substances  as  may  be  readily 
scratched  with  the  Sngcr-nail,  to  the  hardest  known  sulutance, 
diamond.  The  degree  of  hardne.'W  is  expre.wcd  by  the  numerictil 
place  of  the  mineral  in  the  scale,  and  intermediate  grades  tn 
indicated  by  fractioat.  Thus  a  mineral  which  i»  scratched  by 
quarUt,  and  scratches  nrlhoclase  with  equal  case,  has  a  hardncisof 
6.5,    The  scale  is  as  follows;  — 
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6.  Orthodase. 

7.  Quartic. 

8.  Topaz. 

9.  Sapphire. 
10.  Diamond. 

ClMnrag*.  — Many  minerals  .iiplit  mofc  or  Ic^  readily  in  certain 
fixed  dtrcdifm^,  while  in  other  direclions  they  hreuk  irregularly. 
This  property  is  called  deavage.  Cleavage  is  uniform  in  different 
aystak  <>f  the  Mime  mineral,  and  is  parallel  lu  actual  or  possible 
cr)'stal  faces. 

PmMUMDDrphB  ocirar  when  one  minentl  assumes  the  cr^-stol 
form  proper  to  another.  This  may  take  place  either  by  the  addi- 
tion or  the  removal  of  certain  con.ttituentit,  or  iiome  aiuslitueiiis 
may  be  removed  and  others  substituted  for  them.  The  entire 
ftubiilance  of  a  mineral  may  be  rcmri;'ed  and  iti  pU<-e  Liken, 
molecule  by  molecule,  by  another,  retaining  Ihc  form,  sometimes 
even  the  cleavage,  of  the  fir&t.  The  study  of  pseudomorphs  is 
often  of  the  greatest  sen-ice,  as  throwing  light  tipon  the  history 
of  the  rot  k  in  which  they  occur. 

Compound  cryKtab  arc  formol  by  the  joining  of  simple  crystals. 
m>ca  two  half  cj^'stals  are  united  along  a  plane  in  such  a  vray 
that  their  Uirt^  and  axes  do  not  correspond,  ihcy  arc  said  to  be 
twinned.  Wlicn  the  twinning  is  nrpcatcd  along  numerous  parallel 
fiUKt,  the  crystal  is  a  potnyntheiic  /utn.  Two  tnittak  united  at 
the  ends  to  form  «  right  angle  are  called  gmkulale,  while  two 
gentnilate  crystals  may  lie  no  combined  as  to  form  a  cross,  and 
then  aiT  Slid  to  be  tnuiform. 

Rock  forming  BUnenls.  —The  numl>er  of  known  mineraU  !s 
tup;  and  ctinxtanlly  increasing,  but  only  a  few  enter  in  any 
unportAnt  way  into  the  constitution  of  the  eanh'.t  crust.  We 
now  proceed  to  a  consideration  of  these  constituent  minerals, 
whidi  are  called  rock-forming  minerals,  because  the  rocks  are 
aggregatiufu  of  them.  It  must  l;c  emphatixed  that  the  Ntu<lent 
can  gain  no  real  knowledge  of  minerals  or  rocks  by  merely  reading 
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about  [hem;    it  is  necessary  that  he  should  familiarize  himself 
with  actual  ■■|>e(-iinenri. 
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Ncjrt  10  oxygen,  silicon  is  by  far  the  most  abundant  constituei 
of  [he  earth's  cruitl,  ihnugh  never  iircurring  altine.     It  ta  unit 
with  oxygen  to  form  silica  (SiO,)  or  enters  into  the  fonnation  of 
more  complex  cum]>(>undii. 

I.  Qujiftz  (SiO,)  is  anhydrous  silica  in  <1  cn-stallinc  statcand  is 
one  of  tile  mottl  abundant  of  minerals.  It  belongs  in  the  hexag- 
onal system,  and  crystallizes  in  hexagrmal  prisms  cap|)ed  by 
six-sided  pyramids,  or  in  double  six-sided  pyramids,  or  in  modi- 
ficatiiins  of  these  forms.  I(  is  insulublc  in  nciiis,  ej;ce|)t  hydro- 
fluoric, and  only  very  slowly  soluble  in  boiling  caustic  allcalies. 

Quiirt^  hx<  no  ileavage  and  is  very  hard  (H=;),  scratching 
glass  readily,  while  it  cannot  be  scratched  with  a  knife;  the  spe- 
cific gravity  (»p.  gr.)  Ik  3.6. 

When  purcand  symmetrically  o^-stallized,  quartz  b  tmnsparcnt, 
colourless,  and  lu.sl^ou^  (nick  crystal),  but  it  more  conmonly  is 
found  in  dull  masses.  Many  difTerent  colours  are  pruduccd  by 
minute  qu.tntiiios  of  foreisn  substances  in  ibe  crystals. 

3.  Chalcedony  occurs  in  spheroi<)al  or  slalactitic  masses,  com- 
posed  of  mure  or  less  concentric  shells.  The  chemical  composition 
and  bcluinour  of  ihJs  mineral  are  the  Mime  a^  in  qiiartjc,  l>ut  thff 
specific  gravity  is  somewhat  lower,  and  the  optical  properties 
are  different.  Chalcolony  has  a  waxy  ap)tearance,  and  is  trans- 
lutent  or  semi-opatjuc,  and  of  various  pale  colours. 

3.  Flint  and  Chert  are  mixtures  of  hydrated  atul  anhydrous 
silica.  'Iliey  occur  in  amorphous  masses  of  neutral  or  dark  colours, 
and  are  upac|ue,  or  «(imcwhat  lran>:lucenl  in  tliin  jiieces. 

B.  MHHRALS  composed  of  StLICATSS 

There  arc  several  silicic  acids,  wliich  form  a  vcrj-  cstcnave 
$eTies  nf  compounds  with  variuus  metallic  bases.    As  rockform- 
t  minerals  the  silicates  arc  of  the  first  importance. 
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Tbc  felxpars  are  esscotiall^  silicates  of  alumina  (AlfOi)  t(y- 
gefbcf  wilh  potasfa,  soda,  or  lime.  Ortkodate  and  MiVrot/inr 
aiv  poUxfa  Idspars  (K^.  .^IfOi.  6  SiOt);  albUe  b  a  soda  fcbpar 
(Sa^,  Al)Ok  6  SiO,);  and  tiiMrf&V/f,  a  lime  felsfnr  (CaO, 
Al^lfc  3  SiOt).  From  the  combination  of  these  two  wrics  are 
{onncd:  the  Itinc-soda  aeries,  oligMlase,  anJesine,  and  labradorUe, 
the  pl^kidascs,  and  the  potasb-soda  scries,  aitort/nv^w. 

The  fdspan  CT}-slaOize  in  cither  the  monoclinic  or  triclinic  sys- 
tems, but  the  forms  of  the  cr^'^lats  arc  \Tr>'  much  alike.  With 
few  exceptions,  these  nunends  are  of  pale  colours  and,  except 
irben  decom posing,  are  very  hard. 

I.    itonadinU  Fdsp^irs      0*1  ^^-"^^^-^^ 

Ortfaoclase  is  a  potash  feUpar  {KK>.  Al/),,  6  SO,=K,Al, 
SM^i).  though  soda  may  rr|>lact-  pan  nf  the  )x>t.-i^.  Hardness 
*6,tp.gr.= 3.54-3.57-  OnhoclasccmtallizcsinobliqiMritombtc 
prisms  and  is  very  generally  twinned;  there  are  tn-n  sets  of  cleav- 
age planes,  which  imcncci  at  a  ri^hl  angle  and  have  thil.s  given 
its  name  lo  the  mineral.  Onhoibuie  U  usually  dull  and  turbid, 
whidi  b  due  to  the  presence  of  varioits  alteration  products,  attd 
eren  thin  jedions  under  the  microscope  are  commonly  ha«y. 
Sanidine  is  a  gliu»y,  tran.-<p«reiit  ^'ariely  of  orlhoclase,  which  b 
foand  In  latas  of  late  f^logical  dale.  Its  clearness  is  due  to  the 
atsence  of  the  deromfKMtilion  products,  which  render  ordinary 
odbociase  turbid. 

».    Tridinic  Felspars 

Tbe  minerals  of  this  series  are  ffrouped  lofjcther  under  the  com- 
[wthensivc  icrm  of  Plugioclasr,  bemu«e  of  the  difBculty  of  di«liit. 
ftnihing  them  from  each  other  undn  the  microscope;  they  arc 
very  nenerally  charancrized  by  polysynilietir  twinning,  which 
makes  6ae  parallci  lines  on  the  basal  cleavage  idancs.    Chcmi- 
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rally,  (hey  are  is,omorphous  mixtures  of  albite  and  anorthitc.  The 
following  tabic  (from  l^vy  and  I^croix)  give*  the  composition  of 
the  varioufi  members  of  this  series,  representing  the  soda-felspar 
constituent,  or  aibUe,  by  Ab,  and  the  Hme-tet*par  cotistiluent,  or 
anorlhilt,  by  An:  — 

NaMS  COWPOglTlOH  SfT^nC  GUVITY 

Albite Ab    ......    .  161 

OlkRocliue  ....  AbioAni 1.6; 

Andcaiiic     ....  AlnAnt 9.67 

LdbradotitF     .     .     .  .^btAoi »-T9 

Aiiorthltc   ....  An 8,75 

It  will  be  observed  that  the  speiifie  gravity  increases  with 
lime  constituent,  and  the  fusibility  diminishes  in  the  same  propor" 
lion.    Anorthiie  is  (ieiom|>aHetl  by  hydrochloric  acid,  labradoriie 
is  slightly  attacked  by  it,  while  the  other  members  of  the  series 
;ire  nut  affecleil, 

Anortbodase  is  a  triclinic  potush-sixla  felspar  (AbiOn),  but  ix 
\ts»  common  than  the  plagioclascs  as  a  constituent  of  rodcs. 

Uicrocline  has  the  rnmposilior  of  iirthoclnsc  and  plays  a  similar 
rflic  ill  roiks,  but  crystallizes  in  the  triclinic  instead  of  the  moiii>_ 
clinic  system. 

II.  The  Felspathoid  Group 

These  minerals  an-  very  cluscly  allied  to  the  felspars  in  che 
cal  composition  and  seological  relations,  but  ditfer  from  them  . 
crystal  form  and  physical  |)roperties.    They  havp  a  much 
restricted  dislribution  than  the  felspars,  but  have,  ne\'cnhelessr 
an  important  be-;iring  ujwn  the  <-lii:<.sirication  of  certain  groups  of 
rocks  in  which  they  occur. 

I.  Hepheline  i.t  a  silicate  of  potash,  !(oda,  and  alumina  (Na,  K)| 
0(.\ljO,.  2  SiO,).  It  crysl«lliz«s  in  transparent  and  colouiiess 
six-sided  priurm,  of  the  hexagonal  system.  H=5.5-6;sp.  gr.  =  3.& 
II  is  an  imijortant  constituent  of  crrtatn  lavas. 

3.   Leudte  is  composed  as  follows:  K/),  Wfls,  4  SiO),  with 
^90mc  of  the  potash  replaced  by  soda.     It  crystallizes  in  twenty- 


four-uded  ^urcs  (irapczohedrons),  which  belong  to  the  tetrng- 
ona]  system,  but  can  be  distinguished  from  the  isometric  only  by 
y  careful  measurement.     £1=5.5-5.6;   sp.  gr.= 3.44-3.56. 

m.  Thk  Mica  Okoiip 

These  tninerab  have  a  comptn  chcmi<ial  composition,  and  are 
so  variabtc  thnt  it  is  diSkull  to  giv^e  formula;  for  tbem;  tbcy  are 
uUaues  of  alumina,  together  with  potash,  lithia,  magnesia,  iron,  or 
muiguicse.  \S'hen  (n-Mallixe<l,  the  mii.-i^  all  furm  six-stdnl 
prisms,  which,  though  of  hexagonal  habit,  are  in  irality  mono< 
dtnic.  -Ml  \-;l^ielie^  haw  a  remarkahl)'  perfect  clea\-age,  and  «|ilii 
itUo  thin,  elastic,  and  ikxiblc  leaves,  by  which  they  may  be  readily 
recognized.  Tbcy  are  quite  soft,  and  most  of  them  may  be 
scntdted  with  the  ftngernail. 

■.  MoKOvlte  may  be  selecled  as  the  most  important,  and 
iridr^nad  of  tlie  numerous  alkaline  micas,  with  the  genemi 
fnrmub.  K/),  3  .\1/),.  6  SiC),.  2  H^.  It  is  a  lustrous,  sihcry- 
white  mineral,  utiuilly  transparent  and  cotourleut  in  thin  leaves; 
it  haft  a  specific  gravity  of  1.76-3.1.  and  a  hardness  of  3.1-3. 

S^rvUt  is  a  silrery  or  pnle  green  form  of  musroviie,  which  in 
on  alteration  product  and  often  Is  derived  from  a  felspar. 

a,  Biotite  is  the  mmt  im|M>Tlant  and  widely  di.tseminaiei1  of  the 
>iis  dark -coloured,  femtmagnesian  micas.  This  mineral  is 
or  d^rk  green  in  mass,  and  smoky  even  in  thin  leaves; 
dtemically  it  is  a  silicate  of  potash,  alumina,  iron,  and  mag- 
noia.  In  hardness  and  specific  gravity  it  differs  lilUe  from 
ONBCOVilc, 

tV.    Tut  AUPUIBOLE  AND  PYROXENB  GCOtH^ 

These  two  gniups  contain  [Kiraltel  scri«s  of  minerals  of  similar 
rVfftf"!  composidon,  but  differing  in  Ihrir  crj'slallizalion  and 
physical  pm|>eflies.  In  cumpoution  they  range  from  silicates  of 
uagnesia   to    those   of   lime   and   lime-alumina,  while   iron  is 
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present  in  most  of  them.  They  belong  to  the  orlhorhombic  and 
monoclinic  systems,  and  can  be  (JUlinguiKhed  by  tlieir  vlenv^ige. 
The  pyroxenes  have  a  prismatic  deavagc  of  nearly  90°,  while  io 
the  ampliiboles  the  angles  are  1 24°  30'  and  55*  30'.  The  orlho- 
rhombic amphiholcs  are  rare  and  unimpmrtunt  as  rock- forming 
minerals,  liul  the  pyroxenes  of  this  form  are  widely  distributed, 
though  less  so  than  ihe  muniH^limt, 

a,  Orlhorkombk  Pyroxrncs  are  silicates  of  magnesia  aod  iron 
(Mg.  r<-)a.  Sil),. 

I.   Enswtite  has  less  than  5  %  of  FeO. 

a.  Bromite  h.is  5-14  %  of  FeO. 
3.   Hyperstheoe  has  more  than  14  %  of  FeO. 
The  colour  becomes  darker  and  the  optical  properties  change 

with  the  incrc.isc  in  the  percentage  of  iron. 

b.  Afonociink  Pyroxenes. 
1.    Augite.  — This  very  abundant  and  im[>ortiint  mineral  is  & 

silicate  of  hnie,  magnesia,  iron,  and  alumina  (Ca.  Mg,  Fc  O, 
(Al,  Fe),0„  4.SiO,.  Sp.  ^.=3.3-3.5;  H=s-6.  It  cryMalliMs 
in  oblique  rhombic  prisms,  and  in  colour  is  green  to  black  and 
oftaque. 

3.  Diallage  is  a  variety  of  augitv,  usually  of  a  green  colour, 
which  is  distinguished  by  its  laminated  structure,  with  lustrous 
faces. 

c.  Mofwdinic  Amphibotes. 

I.  Hombl«iide,  like  augiic,  which  it  closdy  resembles  in  chemi- 
cal composition,  is  among  the  most  important  of  rock-forming 
mineraU.  In  colour  it  la  usually  green,  brown,  or  black,  and  it 
crysUillizcs  in  modified  oblique  rhombic  prisms.    Sp.  gr.^a,^ 

3.    Tremolite   is  a   silicate  of  magnesia  and    lime  (Ca,  Mg)0, 
i  SiO».    This  mineral  h  pale  green  or  white  and  occurs  in  laminse  or 

I  long,  bladr  like  cnNtais, 

I  3.   Actinolite  rcscmljlcs  trcmoHie  in  componiiion,  with  the  addi- 

^^^ifoil   of  iron  (Ca,  Mg,   Fc)0,  SiO,.      Colour,  green;  sp.  gr.* 
^^^Bk.3;  usually  occurs  in  long  and  Ibia  crj-stala.    A  fibrous  variety 
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of  lr«Ri()lIie  or  aictiniilite,  in  which  ihe  tibres  are  oftm  like  Bcxibic 
threads  and  may  be  wov-co  iDto  clolh,  is  called  asttstus. 

V.  The  Olivine  GBofp 

OUriae  b  ibe  ctnly  mineml  at  tht;  group  of  sufficient  impor- 
lancr  to  require  mention;  it  is  a  silicate  of  magnesia  and  iron, 
»(Mg,  FcjO  SiO^  though  ihe  pert-cnlage  o(  iron  viiri«  gTeutljr. 
Sp.  gr."3.»-3.5;  H<=6.$^i.  Olivine  cmiallises  in  the  ortho- 
tliorabjc  iv^ttm,  and  occurs  iit  prisms,  fliil  tables,  or  irregular 
grains.  11>e  colour  ^-nri«s  from  olii>c-grecn  to  v-cll«w,  or  it  may 
be  rt^urieSB,  and  usually  the  trref(ular  graias  look  like  fragments 
of  bottle  glus*. 

VI.  The  Epuhite  Group 

Epidote  k  a  stHcalc  of  nlumina,  with  iron  and  lime,  the  diiTerent 

Kties  being  named  according  lo  the  pre|ionderance  of  one  or 
ba*e,  Iron-epidolc  (I'islazitf)  forms  monoclinic  crystals, 
with  a  speciftc  gravity  of  5.1-3.5,  and  a  hardness  of  6-7.  Linie- 
epidote  {ZaisiU),  whkh  has  little  or  no  iron,  b  onhorhombic. 

Vn.  The  Garnet  Ghocp 

The  GariMts  arc  highly  complex  »ili<^te!t  of  alumina,  irtm,  lime, 
nugnoin,  chnMnium,an<l  manganese,  though  in  most  cases  only 
two  ur  three  of  the  ba^et  arc  present  in  any  cuiii.ideral>le  <)uaniity, 
and  the  different  rarictics  have  received  natncs  Jn  accordance 
trilh  Ihe  predominatint;  liases.  They  usually  cmiaUixe  as  dodeca- 
bcdnits,  <«  Iwi-lve  sidnl  figures.  Sp.  gr.=3.4-4.3;  H=ft.i-7.S. 
Clear  and  brillianlJy  coloured  garnets  are  considerably  used  in 
jewellery. 

Tbc  commonest  variety  {Almaiidine)  is  a  uUcalc  of  alumina  and 
[ran,  and  b  usually  red. 

C.  OTHER  SaiCATBS,  CHtEPLT  DECOHPOSITIOff  PRODtHHS 

lirnDf  of  the  complex  siiicates,  when  long  exposed  to  the  action 
uS  tbr  weaiber  and  of  pcrcoUting  «'ater»,  become  n>ore  or  less 
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profouiidly  changcil  chcmicnlly,  a  change  which  is  known  as 
alkra/ioH  and  forms  an  early  nUifte  of  <Jecay.  One  of  ilie  common- 
est of  these  cllJlngl^s  is  hydration,  or  the  taking  up  of  water  into 
cfacmica]  union,  and  this  ma>'  be  accompanied  by  the  loss  of  solubtc 
ingredienLi,  or  llie  replacement  of  some  coii^litucnts  \>y  others. 

I.   ZeoLxns 

In  (hi*  Kr(iii[>  are  includeil  a  l;trge  numtwr  i»f  minerjiU,  which 
arc  hydratcd  silicates  of  alumina,  potash,  soda,  lime.  etc.  They 
all  contain  water  and  henre  boil  am]  efTerveAce  when  heated 
before  the  blowpipe.  All  these  minerals  arc  products  of  dccom- 
posilion  and  do  not  occur  a^  original  con.tlitucnt.i  of  rocks. 

n.  Talc  axd  Chlositf.  Okocps 

1.  Chlorite.  —  Under  this  name  arc  grouped  a  number  of  closely 
allied  minernis,  which  are  hyilnilcd  silicates  nf  alumin.-t,  magnesia, 
and  iron.  They  arc  soft  minerals,  with  a  hardness  of  1-1.5  ""^  " 
specific  graWty  uf  3.6-3.96,  ant]  are  utually  of  a  green  colour. 
They  cr\:staUize  in  the  monoclinic  s\-slcm,  with  a  pi^udo- hexagonal 
symmetry.  Tliese  mineraU  are  laminated  and  split  readily  into 
thin  leaves,  as  do  the  micas,  from  which  ihcy  may  be  distinguished 
by  the  fact  that  the  leaves  arc  not  clastic. 

The  chloriles  ret^tilt  from  ihe  <lecomjH)$ition  of  hornblende, 
aufiitc.  or  the  magnesia  n  micas. 

2.  Talc  h  a  hydnited  f^ilicutcof  magnesia,  jMgO,  4  SiOi,  Hfi; 
the  water  varies  in  amount  to  as  much  as  7  percent.  Sp.  gr.  =».s6- 
2.8;  H=t.  It  Ls  of  a  white  or  pale  green  colour,  with  a  pearly 
lustre  and  a  greasy,  soapy  feeling  to  the  touch.  Tcilc  is  mrcly  found 
Cfystallized;  the  ciyslaU  have  a  false  hexagonal  s>'nimeln',  and  it 
h  doubtful  whether  ihey  should  be  refcrreti  t"  the  onborhombic 
or  monoclinic  systems.  Usually  il  occurs  in  flakes  or  foliated 
nmMK,  which  sph'l  into  thin,  non-elastic  leaves.    Talc  results  from 

alteration  of  magnesian  minerals. 
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3.  Steadte,  or  Soapslonc,  has  the  same  composition  as  talc,  but 
is  not  foliatnl,  an*)  miiy  be  murh  hiirder,  as  much  as  a. 5. 

4.  Serpenlioe  li  a  hydralcd  silicate  of  magnesia  and  iron: 
3(Mg,  FejO,  a  SiO*.  a  H/^.  It  tloes  not  crplallize,  but  h  father 
ronunon  in  pscwlomorphs.  Sp.Kr.  =  2.s-»,65;  lX^j.$-4.  Its 
proper  colour  is  gnvn,  but  it  i.t  usually  muttlccl  with  red  or  yellow 
by  iron  Maiiu,  Serpentine  is  generally  formed  from  the  dcc»y  o( 
olivioe,  less  contmonly  from  augtie,  or  tiornblende. 

Kaoltnite  is  the  h}-draled  silicale  of  nlumioa,  Al/)|,  3  SiO), 
J  H«0.  It  b  usually  soft  and  plastic,  but  orthoi^ombic  crystals  of 
peeudn-hexa^nnl  sjtnmetry  may  be  sometimes  dclccled  with  the 
microscope.  Kaoiinile  ari^^«s  from  the  dcciimpiiHilion  of  the  fel- 
spars and  especially  of  orihoclasc. 

Glauconite  is  a  h^'dralcil  silicate  of  iron  and  pilas^^iiim,  with 
»iul1  quantities  of  alumina,  lime,  magnesia,  and  soda.  It  is  of  a 
gnto  colour,  soft  and  friabte. 
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9.  CALCASEOirS  mWERALS 

I.  Calctte,  carbonate  of  lime,  C1CO1.  S]>.  eT.=i.ji;  H^j. 
Thiit  rotoeral  crystaUiis*^  in  (he  hcxaifDikid  sj^itm,  in  a  gresit  vari- 
ety uf  forna;  rhnmbohedrons  and  sea lenohcdrons  are  common; 
bexax^nal  prism;  and  pyramids  lew  so.  Cfeavaite  Is  »-ery  [wrfett. 
panUld  (o  the  face-s  of  a  rbombohrdron,  ami  the  mineral  breaks  up 
iiUo  rhombohcdrons  when  struck  a  sharp  blow.  Calotte  i%  rapidly 
itts^cd,  even  by  ca)d  and  weak  acids,  CO,  cscnpiRK  with  cffer- 
TCScmce.  When  pure,  as  in  Iceland  spar,  the  mineral  is  cobur- 
len,  veT>-  Iran^nareni,  and  lu$ir«i»,  and  displays  the  phenomenon 
rd  doable  refraction  stron)[Iy:  but  more  commonly  >i  is  cloudy  or 
white,  or  slatiied  re<l  or  yelbw  by  in>n.  It  is  soluble  in  water 
boMing  COn  aSording  calcium  bicari>onatc  which  is  found  in 
oorly  aD  natural  vraiert.  It  is  widely  diffused  nmcntg  the  rocks, 
and  in  a  ftate  of  var>-in);  purity  fonns  Rreat  masses  of  limestone. 

3.    Aragooite  (CaCOi)  is  somewhat  harder  and  liearier  than 
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Colette,  with  a  specific  gravity  of  3.93  ami  a  hardness  of  3.5-4, 
and  crystallij!cs  in  compound  prismatic  forms  which  belong  10  ihe 
tirt  ho  rhombic  system.  It  has  not  the  marked  cleavage  of  calcttc 
and  is  less  stable  as  a  rule;  when  heated  it  is  converted  into  cakite 
iin<l  falls  into  tiny  rhomboUedrons  of  thai  mineral. 

3.  Dolomite  is  a  rarlionatc  of  lime  and  magnesia  (Ca.Mg)  CC^; 
it  resembles  calcitc  in  app«irance,  and  cn'slallixcs  in  riiombohe- 
dronswhichoftcn  have  curved  faces,  Sp.gr.  =  ».R-a,9;  11  =  3.5-4. 
Doiomile  may  be  readily  di.it in^uished  from  calcile  by  the  fact 
that  cold  acids  affect  it  but  little. 

4.  Gypsum,  hy(lr.iie<l  sulphate  of  lime,  CoSOt,  3  HiO.  Sp.  gr. 
=  2.31-2.33:  H  =  1.5-2.  It  crystallizes  in  rigbi  rhomboidal 
prisms,  belonging  to  the  moncK^linic  system,  and  cleaven  inln  thin, 
non-elastic  leaves.  When  pure,  gypsum  is  transparent  and  colour- 
less, but  i.i  often  staineil  by  iron.  This  mineral  ociunt  largely  in 
granular  masses,  from  which  plaster  of  Paris  is  made  by  calcining 
the  gypsum  and  so  driving  off  the  water  of  cn-Ntallixcttion. 
AlabasUr  is  a  f!;}*psum  '>f  especially  fine  grain,  mottled  in  pale 
colours,  or  white.    Sdeniu  is  a  tran.-iparent  variety. 

5.  Anhydrite.  CaSO,,  is  sulphate  of  lime  without  water;  it  is 
hanler  and  heavier  tlian  gypsum  (Sp.  s;r.  =i.Q-2.()8;  11  =  3-3.5), 
and  crystallizes  in  a  di^erent  system,  the  orthorhombtc.  The 
cryxials  have  three  sets  of  cleavage  planes,  which  intersect  each 
other  at  right  angles. 

6.  Apatite  Is  a  phosphate  and  cUoride  or  fluoride  of  calcium, 
3(Ca,P^.).  afCa.Cl.  F).  Sp.  gr.  =  i.02-3.»3:  H  =  s.  It  crys- 
tallizes in  hexaRonal  prisms,  terminated  by  he.xajtonal  pyramids, 
and  also  <xrcurs  in  masses.  It  issomeiimes  transparent  and  colour- 
IcM.  but  more  commonly  opaque  brown  or  Rreen.  Apatite  is  .solu- 
ble in  acid«,  and  in  water  coniinning  ciirbon  dioxide,  or  ammonia; 
and  jtivea  rise  to  a  valuable  plant  food. 

7.  Fluorite,  fluoride  of  calcium,  CaFp  Sp.Kr.s3.01-3.15; 
H=4.  Cr>'suUizes  in  the  isometric  system,  usually  in  cubes,  and 
has  a  |>crfect  odAliedral  cleavage.  When  pure,  fluorite  U  either 
dear  and  colourless,  or  blue,  green,  yellow,  or  brown. 
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t.  "Htttnatite,  orS[N^'u1ikr  Iron,  is  ferric  oxide.  FcvO^  Sp.gr.  = 
4-5~Sj;  11=6.5.  Cmfailizcs  in  rhomlwheclrons,  or  more 
roratnonljr,  fn  noiluliir  inaK<«s.  The  colour  16  black,  ztod-^ey, 
or  red,  and  dwai-s  is  red  when  the  mineral  U  finely  imwdered. 
HKHuitite  frequenily  contains  eitrlhy  and  other  impurities  and  is 
one  of  ihc  most  important  ores  of  iron. 

3-  Limonite,  or  Bmwn  Hn-m:ititc.  is  hydralcd  ferric  oxide 
(j  Fe/>i.  3  iM^)  containing  more  than  14%  '>f  water.  It  iiciofter 
tlma  hKfnatiie  and  of  a  ycllow  or  l>rown  colour.    Sp.  gr.  =j.6-4; 

3.  HatnetiU  is  the  black  oxideof  iron,  FciO,  (or  TcO,  Fc^j). 
Sp.  fcr.*  4.9^5.3;  11  =  5.5-4.5.  Cmtallizes  in  the  isometric 
systmi,  usually  in  <>c(ahedr«Mt»,  somctimre  in  dodec.ihi-drons. 
Tim  Runcrat  i*  Mrongly  magnetic  and  is  black  in  colour,  wilh  a 
btoitib-black  melalttc  lustre,  when  vlewetl  tn  reflected  light.  Mag- 
acdte  is  widdy  diffused  in  certain  clnsses  of  rod^,  and  also  occurs 
in  t-Hm  and  beds,  which  form  an  iin]>(>rtaiU  source  of  ^U[>I>ly  of 
the  metal 

4.  nmeolte  h  an  oxide  of  iron  and  liL-tntum  (Ti,  Fe)/V  Sp.  gr. 
=  45-5,1;  11  =  5-6.  When  cr)-iiallized.  this  mineral  is  rhom- 
boh«drul,  but  h  generally  ma.<tsi\-e. 

5.  Sidciite  is  ferrous  carbonate,  FcCXV  Sp.  gr.  =3.7-3.9; 
H"3-S-4-S-  Cr>-stalli/«  in  rhomlwheilmn*.  the  faces  of  the  crys- 
tals frequently  much  curved,  sikI  often  the  cr^-^als  arc  vet}'  much 

encd.    WTien  fre»h,  the  mineral  is  urey  or  brown.     It  is  but 
itlr  adcd  on  by  cold  acids;   hot  acids  dissolve  it  witli  effer- 

vorence.    Mixed   witli  clay,  sidcritc   forms  clay  iron-stone,  a 

fsluable  ore. 

6.  ^niW,  or  Iron  Pyrites,  bisulphide  of  iron,  FcS*.  Sp.  gr. 
=  4.9-5.3;  8  =  6-6.5.  Crj-si.illi/.i's  in  the  i:(iime1ric  S}'fttem,  usu- 
ally in  cubes,  sometimes  in  dodecahedrons,  and  has  a  \-cry  char- 
aiJBBlic  bruwy  lustre  and  colcMir,  to  which  it  cme^t  the  popular 
narae  of  "  loob'  gold."    It  is  vcrj*  hanl,  cannot  be  scniiclwd 
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wilh  a  knife,  and  *trik«  (ire,  like  flint,  when  siruck  with  steel. 
The  mineral  is  soluble  in  nitric  acid:  it  is  widely  disseminated 
in  the  rocks. 

7.  Mucasite,  or  White  Iron  Pyrites,  has  the  s(imc  aimposition 
as  pyrite.  but  crystallizes  in  the  onhorhombic  system,  in  modified 
prisms,  but  moze  ciimmoiily  ticnirs  in  niiduliir  niitsses,  with  a  ntdial 
Structure,  ll  has  the  same  hardness  as  pjtitc.  but  is  not  quite 
so  heavy.  Sj).  gr.  =  4.68-4.85.  In  rolour  it  in  paler  than  pyrite, 
wilh  a  tendency  lo  grey,  RTccn,  or  e%'en  black.  It  decomposes 
ver\-  readily,  and  after  a  few  montl)s'  exposure,  even  to  dry  air, 
often  crumbles  to  «  whitish  pi'iwder. 


Tlie  iron  minerals  are  Neldom  largely  reprenenletl  in  any  given 
rock,  with  the  exception  of  the  ore  beds;  but  iron  is  one  of  the 
mast  widely  diffused  of  suli.ttanccs,  few  rock-s  liein^  altogether  free 
from  it,  and  its  various  compounds  pby  a  very  important  rAle  w 
culouring-aialier  in  the  rocks. 
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We  bave  already  »ern  (hat  the  chief  ta.'^k  of  rcoIo(!}-  h  to  cxhi- 
stnict  a  hi»Iory  ot  the  eartli,  lu  <lri«rminc  hr)w  and  in  what  order 
the  roclis  were  formpcj,  through  what  changes  they  have  passed, 
and  how  they  reac)ied  their  |irtsent  [MnilioD.  The  logiv^l  onier 
<A  treatment  might  seem  lo  require  that  we  should  first  Icaro  what 
the  roclu  are,  of  what  they  are  <»m|KiNeil,  and  huw  they  are 
anattgcd,  before  aitcni[>ting  to  explain  these  facts.  In  such  a 
ctudy,  however,  we  should  meet  with  so  much  that  wouhl  be  quite 
dointclli^ble,  that  a  more  cnnvetiicnt  way  wilt  be  tn  begin  with 
a  study  of  the  agencies  which  are  at  work  u{>on  and  within  the 
canfa,  and  which  tend  to  modify  it  in  one  or  other  pnnicuUr.  In 
other  words,  wc  must  employ  the  present  order  of  things  as  a  key 
by  means  "f  which  to  decipher  the  hiemiilyphics  t>f  the  [ttisl,  and 
proceed  from  what  may  be  directly  observed  to  past  changes 
which  ran  only  \x  inferred. 

Wc  might  assume  that  the  present  was  so  radically  different 
(rtxn  the  (ar^lUtanl  ])asl,  tlul  tlie  one  could  throw  no  light  u|>»r 
ibe  other.  Such  an  assumption,  howe\'er,  would  be  moet  illtigical, 
for  there  i»  nothing  to  Hupport  it.  There  is  iw  reason  lo  imagine 
thai  physical  and  chemical  laws  are  different  now  fn>m  what  tliey 
have  atwajn  been,  and  the  more  we  study  the  earth,  the  mora 
dearly  we  perceive  that  its  histor)'  Is  a  continuous  whole,  deter' 
mined  by  factors  of  the  same  sort  as  arc  now  continuing  to 
Modify  it.  Some  geologists  have  assumed  that  these  agencies  liave 
always  acted  with  ju.<it  the  lame  intensity  as  they  do  to-day;  but 
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this  assumption  is  ncitJior  necessary,  nor  in  itself  probable. 
There  is,  on  the  coniran',  much  reason  lo  believe  thai  while  cer- 
tain tonus  act  with  grratcr  tlTnien(:y  at  the  present  time  than 
they  did  in  the  past,  others  act  with  less. 

An  alienlivu  examrniition  of  the  tliangi^  which  iire  now  in  pro- 
gri'ss  on  the  surfiicc  of  the  earth,  will  show  us  that  nothing  terres- 
trial is  quite  .ttable  or  unrhan^able,  Inii  tliai  there  is  a  slow, 
ceaseless  circulation  of  matter  taking  place  on  the  surface  and 
within  the  crust  of  the  jj;liihe.  Mutter,  cliemisiry  ttuuhw  us,  is 
indestructible,  and,  disregarding  the  relatively  in&ignificnnt  amount 
of  material  which  reaches  us  from  outer  space  in  the  form  of 
meteorites,  the  sum  total  of  matter  composing  the  globe  remains 
constant.  But  while  practically  nothing  is  added  to  or  taken  away 
from  the  mnirrials  which  make  up  the  earth's  crust,  ceaseless 
cycles  of  change  continually  alter  the  position,  physical  relations, 
and  chemical  a>ml)inati»ns  of  those  muierial.-i.  Thi.i  circulation 
of  matter  may  be  aptly  compared  to  the  changes  which  take  place 
in  the  body  of  a  living  animal,  only,  of  course,  the>'  arc  of  a  differ- 
ent kind  and  arc  effected  at  an  inttnitcly  slower  nite.  In  the  ani- 
mal body,  so  long  a,*i  life  lasts,  old  titisues  break  down  into  simpler 
comp<ninds  and  arc  ejected,  while  new  tis;tues  are  built  up  out 
of  fresh  material.  So,  on  the  earth  rock-masses  decay,  their 
partictcs  arc  swept  away,  accumulate  in  a  new  place,  j)erhaj»  far 
distant  from  their  source,  and  arc  consolidated  into  new  rocks, 
which  in  their  turn  are  alt;icked  and  yield  materials  for  further 
combinations.  The  study  of  the  physical  and  chemical  changes 
in  the  bodies  of  animnls  and  plants  constitutes  the  science  of 
physiologj-,  and  by  analogy  we  may  call  dynamical  geology  the 
physiolojjy  of  ihc  esirth's  crust.  Analogits,  however,  mu.-it  not 
be  pushed  too  far,  or  they  land  us  in  absurdity.  One  essential 
difference  l)etween  the  earth  and  a  living  organism  suggests  iiw^if 
at  once;  namely,  that  the  formw  is  self-contained,  and  neither 
ejects  old  material  nor  receives  new,  but  emjiloys  the  same  niaiier 
o\-CT  and  over  again  in  cvcr-van,'ing  combinations.  The  animal  or 
,  on  the  contrary,  continually  takes  in  new  material  from 
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wiihout,  in  the  shape  of  food,  and  ejects  the  waste  resulting  from 
the  breaking  down  of  liiuue. 

Althougli  the  earth  nccrk  no  fresh  supplies  of  mntter,  its  ctynami- 
cml  opcraitons  are,  lo  a  vcrj  tar^c  extent,  maintained  by  energy 
lrc»n  without;  luinKly.  from  the  sun.  The  lirruliilioii  of  ihc  winch 
and  waters.,  ihc  chanKes  of  temperature,  and  the  aciiviiica  of  living 
beings,  all  depend  upon  the  sun's  energy,  and  vrere  (hat  wilh- 
drawn,  only  suth  cbanj^ra  as  arc  brought  about  by  the  earth's 
internal  heal  could  cotilinuc  in  (>i>eniiioii. 

The  study  of  djTiamical  af;nic>cs,  subterranean  and  surface, 
necessarily  gnlbers  together  an  enortnous  ma*N  of  detail.  But  we 
iUT*I  concern  oursciv-es  mth  only  so  much  of  this  as  throws  llj{ht 
ttpon  the  earth's  history,  so  that  the  scienter  of  dynamical  geolog}- 
and  pbyskal  geography,  though  having  much  in  common,  are 
not  ct)exienMvc.  In  order  to  make  clear  the  operationi'  of  the 
forces  which  lend  to  modify  the  surface  of  the  cnnh,  it  is  nec«s- 
nuT-  that  we  aliould  cla.s.>tify  and  arrange  them,  w  that  the)'  may 
be  treated  in  a  more  or. less  logical  order.  However,  in  making 
turh  a  cbLssJfication,  il  h  impossible  to  a\'oid  entirely  a  certain 
arfahrarinc^s  of  arrangement,  since  we  must  consider  separately 
ageodcs  that  «ct  together.  Natural  phenomena  are  not  due  to 
KDgle  causes,  liut  tu  cnmbin.-ition^  and  m-Hca  of  causes,  and  )<ei, 
lo  make  them  intelligible,  they  must  Itc  treated  singlj'  or  in  simjile 
groups,  eke  tve  &liall  be  confronted  by  a  chaos  of  unoorrelatcd 
focu.  The  career  of  a  raindrop,  from  its  first  condensation  to  its 
cnlrant'c  into  the  nea  thmu^h  the  m<^>uth  of  some  river,  is  a  cnn- 
liouous  one,  yet  rain  and  rivers  are  distinct  geological  agencies  and 
dn  differed  kintb  of  u,-ork.  A^ain,  the  ven'  tmporuint  nay  In 
which  the  various  dynamical  agents  modify,  check,  or  augment 
one  another,  must  not  be  mviiooked  in  a  systematic  arran^menl 
of  tbcee  agents. 

Some  of  the  af^ncJes  that  we  shall  consider  may  seem,  at  first 
1^1^.  (■•  W  ver>'  trivial  in  (heir  effects,  but  it  mi»t  be  remembered 
that  they  appear  so  only  because  of  the  shon  time  during  which 
we  frfjoervc  iliem.    For  enormoiuly  long  pcriodt  of  lime  ihey 
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I  have  been  steadily  at  work,  and  ttieir  rumulalive  effects  must 
not  be  left  out  of  account  in  estimating  the  forces  whicb  have 
made  the  earth  wh.it  we  find  it. 

Muth  as  may  be  learned  by  the  study  of  the  operation  of  the 
forces  which  ure  still  at  work  in  modifying  iW  earth,  this  method 
of  study  is  yet  insufficient  to  solic  all  geological  problems.  Many 
of  the  changes  whidi  have  initis|)Uta1>ly  Liken  (ilare  are  such  as 
no  man  has  eve.  obscivcd.  because  they  arc  brought  about  so 
sJowly  or  so  deep  down  within  the  cruNt  thai  nu  direci  observation 
is  jKHisiblc,  and  we  can  only  infer  the  mode  of  procedure  by 
examining  the  result.  No  human  eye  ha.s  ever  witnes>ed  the  birth 
of  a  mountain  range,  or  has  seen  the  beds  of  solid  rock  folded 
and  crumpled  like  so  many  nheef  of  pa|)er,  or  observed  the  pro- 
ces.<tc!i  by  which  a  rock  is  changed  in  atl  its  essential  characteristics; 
"  metamorphosed,"  a.«  it  is  technicjiUy  calle<l.  .\ll  such  [iroblems 
must  be  discussed  in  connection  with  structural  geology. 

The  dynamital  agcncie*  may,  primarily,  be  divided  into  two 
classes:  1,  Ihe  Subtetranmn  Agriuifs,  which  act,  <)r  at  least  origi- 
nate, at  considerable  dcptlis  within  the  earlli;  and  11,  tiif  Surfuce 
or  Superficial  Agmcies,  whose  action  takes  place  at  or  near  the 
surface  of  the  carlh.  The  former  arc  due  to  the  inherent  energy 
of  the  earth,  and  their  seat  is  primarily  subterranean,  though  their 
efted.*  arc  »-ery  frequently  apparent  at  the  surface.  Tliesc  agen- 
cies arc  also  called  igneous  (from  ignh,  fire),  which  is  a  niisjiomer; 
but  the  term  is  nevertheless  in  common  use.  The  surface  agents 
are  those  which  are  derived  from  ihe  energy  of  the  sun. 

The  logical  order  of  treatment  of  these  subjects  is  to  begin  with 
the  subterruneAn  agcndes,  beoiuse  the  most  ancient  rocks  of  the 
earth'.s  crast  were  doubtless  formed  by  these  forces,  and  the  circu- 
lation of  matter  upon  and  thniugh  the  crust  starteil  originally 
from  igneoui  rocks. 

The  subterrane-an  aKenLs  originale,  primarily  at  least,  either  be- 
low or  deep  within  the  lithosphcrc.  while  the  surface  agents  origi- 
nate at  the  surface  and  penetrate  to  varying  deptkt.  Thus  it 
^M^W|)ens  that  at  certain  levels  and  along  certain  lines  the  two  classes 
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enis  have  a  rommon  place  of  acliviiir  and  raiSpcrate  to  prc>- 
cRtcts  whkti  ncilhcr  could  jiroducc  alone.     W'c  may  rci^ard 
the  Itthwpbere  ait  composed  of  a  series  of  concentric  shellit,  in  «3ch 
oS  which  the  conditions  of  [>rc<«ure  and  (cm|)cniturc  differ  from 
lhn»e  of  the  other  shells  and,  in  consequence,  the  characlerixtic 
chemical  and  methanictl  processes  are  dilTerent  in  nch.    Depth 
^^f  ihu.4  a  coDtroUing  factor  of  RTeat  importance  in  the  operation 
BRi  the  d\-namiral  agencies.    "  Under  any  given  set  of  conditiims, 
r  mbicfals  tend  to  form   which  remain  permanent  under  those 
conditions  "  (Van  Hise),  hui  when  nevr  conditions  arise  a  readjust- 
ment bcfjins  and  nenr  comtHiutions  arc  formed. 

1'hc  outermost  of  the  concentric  lithonphere-KhelU  (the  thick* 
nt^&  of  which  cannot  be  definitely  statcl,  but  may  be  as  much  as 
10,000-35.000  fed)  is  clwracterUed  by  a  tendency  of  the  minerals 
10  change  from  more  complex  to  simpk-r  com|K>tiiii!s.  At  greater 
depths,  lliis  (endency  is  reversed  and  the  change  is  from  simpler  to 
toon  complex  compouitds.  Changes  of  thi.>t  cbM  constliutt  the 
piocen  of  metamor^tism,  to  which  the  metamorphic  rocks  owe 
their  origin,  but,  liKally,  metam<>r;>hi:im  nwy  occur  at  much 
h^^ier  levels  and  even  very  near  the  surface.  It  may  be  doubted 
whether  any  ilvemical  reromliinalioni.  occur  at  very  great  depths. 
The  boundaries  n(  the  c<)ncentric  shells  ate  not  alwayx  dc6nite, 
one  xbdl  gradually  passinn:  mto  another,  nor  arc  Ibey  always 
fixed,  but  may  HuctuatL-  from  lime  to  time  w-illiin  certain  iimitt. 


SECTION    I 

SUBTERRANEAN  OR  IGNEOUS  AGENCIES 

CHAPTER   I 
DIASTROPmSH,     EARTHQUAKES 

'TuKEublcrmiiHin  agencies  arc  those  which  arc  due  to  ihc  earth's 
own  inherent  cnciny  and  arise  deep  within  the  earth's  interior, 
though  lh(;y  ni*  oflen  ilispUytd  at  the  siirfact  in  a.  most  striking 
manner.  No  problems  of  geology  arc  more  difficult  and  obscure 
than  thu>c  connedei)  with  the  inlernAl  nm^itiluiiiin  of  the  earth, 
and  satisdictory  explanations  of  the  subterranean  processes  have 
not  yet  hcen  ileviscd. 

These  agencies  fall  naturally  into  two  great  groups:  I,  Dias- 
trophism,  or  the  n^ovemeIll^  nf  the  earth's  rrusi;  and  II,  VtUcan- 
isiH,  or  the  phcnmnena  of  wikanow,  ge)-sers,  thermal  springs,  etc., 
while  a  third  set  of  phenomena,  Earllniuakes,  bt  intimately  asso- 
cuttcd  wiih  e:irh  nf  the  others,  hut,  on  account  of  its  gmit  im- 
portancc,  will  require  separate  treatment.  It  is  extremely  prob- 
able that  all  of  ihc.<e  :<ii-<';illed  igneniis  pri)rt»<es  are  Inil  different 
manifestations  of  the  same  forces,  in  ways  that  we  cannot  yet  dearly 
imdersland,  but,  until  the  ph)-$iral  constituiiun  of  the  earth's 
interior  shall  have  licen  determined,  such  unity  of  origin  cannot 
be  definitely  proved. 

Disstrophixm  is  the  general  term  For  diffcrcntiai  movements  of 
the  lithospherc,  whether  ujiward,  downward,  or  horizontal,  and 
wlicther  slow  and  imperceptible,  or  sudden  and  violent.  These 
movements  arc  of  different  kinds  and  may  be  classified  as  follows; 
Orogenk  (Greek  Otqj,  a,  mounlainV  the  upheaval  of  long  and 
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rchtivcly  oamiw  bdis  oC  tand  hy  lumjuession  and  cniiDpliDg  of 
ihe  rocks.  As  will  be  shown  in  a  btcr  chapter,  the  erogenic  (»ro- 
ccsBCS  tiikc  pUce  nt  u>ii»i(leral>l(^  ilejxbt  Iwlow  the  xurfacr  and 
hence  cannot  be  directly  obscncd;  they  arc  JDcIiukd  here  merely 
for  the  K)ku  of  compleiene^  for  tlic  ittudy  of  (liciti  belongs  properly 
to  structural  gcolog)-.  II,  Epcirogmk  (Greek  Kfeiros,  a  conti- 
nent), the  bcoad  uplift  or  depression  of  areas  of  the  latwl  or  of  the 
Ka-bottom,  in  which  the  ■s.mvi  are  not  folded  or  crumphrd,  but 
may  be  tilted  or  may  retain  their  original  horizontal  attitude. 
Movements  "f  this  class  may  be  (listingui'slied  us  (1)  ii'arfring,  or 
BfoJysHsm  {Greek  Btadyt,  slow,  atid  Stismos.  earthquake),  which 
is  a  broad  gentle  curvinu  of  the  surface  upwanl,  iip^^'arp,  tw  down- 
1,'ard,  dewK\irp:  {2)  direct  upheaval  or  depression,  with  frac- 
turing an<l  di.<docatk>n  of  the  rocks,  whtdi  may  be  accomjianied 
by  a  lilting  of  the  strata.  Di.istrophic  movtrmetils  of  this  class 
are  almosil,  if  not  quite,  invariably  associated  with  eanliqudkes 
ud  can  be  most  conveniently  studied  in  connection  vi-jth  the  tatter. 
Warpinfci  or  brad.fseisms  tnanifcst  ihemsclvcs  most  clearly  as 
changes  of  relative  li-\*d  lietwceii  laiiil  and  ^"A,  because  even  slight 
cfaanKes  of  that  chaiaaer  arc  often  easily  detected,  while  in  the 
ioteriox  of  the  continents  they  can  be  demoiutrated  only  under 
octptiooatly  tavoumblc  circumstances. 

Chakoes  or  Levei, 

Permanent  changes  of  level  (miucntly  accompany  earthquakes, 
but  these  are  sucMen  and  appear  to  be  nearly  aiwa)'s  the  result 
if  tfislocationor  faultir^.  Bychan^of  level.in  the  general  sense, 
n  meant  the  gradual  elevation  or  subsidence  of  land,  with  reference 
to  the  sea,  over  coiuriderable  areas..  Such  mo^'cments  are  very 
slow  and  bcncc  arc  apt  to  escape  obter\-ation,  so  that  there  1* 
raucb  dispute  as  to  the  facts  and  still  nwrc  as  to  their  interpretation. 

The  clunge  may  Ixt  in  the  hind  or  in  tlie  sea ;  any  im))ortani  and 
permanent  chat^  io  the  bed  of  the  sea  must  affect  its  surface, 
but  then  luch  changes  must  be  widespread.    On  the  other  hatidi 
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movctnenlK  of  ihe  land  may  t>e  either  1oi;ally  reslrirted  »r  »f  great 
extent.  The  absolute  direction  of  the  movemcnis  we  have  no 
mean^  of  determining;  that  l.s,  whether  at  a  ([iven  iwim  the  earths 
radius  is  shortened  or  lengthened.  The  movement  may  be 
always  downward,  I>u[  at  diffcrcnl  rates  in  acIjoininK  areas,  or 
may  be  somelimes  in  one  dircciion  and  »imelimes  in  the  other. 
In  view  of  these  uncertainties,  it  has  been  propased  to  avoid  Uie 
use  of  the  terms,  "  eievation  and  depression  of  land,"  and  to 
substitute  for  them  "  ncRativc  and  positive  displacement},  of  the 
const-line,"  respedivcly.  Far  the  suke  cif  convenience,  it  will  be 
best  to  retain  the  older  and  more  current  terms,  without  insisting 
ihiit  in  ull  cases  the  bud  moves  rather  than  the  sea. 

It  is  by  no  means  true  that  all  displacements  of  the  coast-line 
are  di;t-*Iniphic  in  origin;  other  processes  that  i>ro<luce  .sltnilar 
results  must  be  carefully  distinguished  from  actual  chsingcs  of 
level.  Thus,  in  many  places  the  sea  is  advancing  upon  the  land 
by  cutting  back  its  shore,  and  nreas  which  once  were  CDi-cred  whit , 
farms  and  villages  are  now  permanently  underwater;  but  this  tX 
not  due  to  any  sinking  of  the  land.  .Another  process  which 
simulates  depression  is.  the  settling  of  loose  masses  of  sediment, 
which  fometime.4  altoM)  the  sea  to  cover  a  i1at  cofi.^t.  In  mher 
places  the  sea  is  building  up  the  coast  by  depositing  sand  upon 
it,  ejclen<!ing  it  .seaward,  and  rivers  build  their  deltas  out  into 
the  sea,  but  such  chiinges  are  not  diastrophic. 

Along  coast-lines  the  evidences  of  elevation  are  more  obvious 
than  those  of  depression,  l;ecause  the  traces  of  marine  action  are 
always  present  on  land  which  has  recently  risen  from  the  seat, 
while  tt  submerged  iand-»urface  is  soon  changed  and  buried  out 
of  sii;hl. 

Evidences  of  Elevation.  —  On  certain  coasts  long  inhabited  by 
dvilized  man,  ancient  structures  like  quays  and  bridges,  which 
were  buili  in  the  water,  may  now  be  found  high  alxji-e  it.  Such 
changes  have  been  noted  in  the  Mediterranean  lands,  espe<:ially 
in  southern  Ttal>'  and  tlic  island  of  Crete.  The  .so-called  Sero' 
peum  at  Pozxuoli,  near  Naples,  is  a  famous  and  much  discussed 
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example  of  repeated  oscillAtions  upward  and  downward.  TTiis 
siTTKiurc  WB5  built  in  Roman  time.*  and  pn>liali!y  Ijc^n  to  sink 
while  Mil!  in  use,  ii»  appears  fn>m  the  two  ancient  pavements,  one 
aliovc  the  other.  Three  large  monolithic  columns  of  fn:irhle, 
about  4a  feet  high,  are  ^till  Munding  erect,  and  on  eiicb  of  them 
b  a  belt  about  10  feci  above  the  ground  and  q  feet  wide,  hi>ney- 
ennibed  by  the  borinK  molliuc,  Lilhcdomits,  whiih  still  abounds 
in  the  netghlxiuring  bay,  and  many  of  the  shells  were  actually 


FVC  I.  —  Coisniai  of  Ihe  '  Sciapetim  "  -.  Pouuoii,  lu}f 


in  the  iiilumm.  Evidently,  the  huildint;  was  once  sub- 
to  a  depth  of  itcarly  30  (eel,  and  nhen  umler  water,  the 
rniuniRs  were  atUcbed  and  perforated  by  the  mollusc.  Jusl 
the  reckvaiii>n  liegan  is  not  <Ietiniiely  known,  but  iJicrc  is 
documentary  c\'idcocc  to  show  that  it  was  in  prt>gre»  in 
Ihe  early  yean  oi  ihe  xixleenlh  centurx-  »ad  was  probably  com- 
pfeled  in  iS.jS,  when  a  ^wlcanic  eruption  in  the  naghhourhood 
resulted    in  the  formation  of  Monte  Nuovo  (sec  p.  66)-      t'or 
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nciirly  ii  cenlury  [last  a  slow  movetnenl  of  ttuWidence  has  been 
gQing  on. 

RiH-l(!t  and  cliffs  long  exposed  to  ihe  action  of  l!ie  surf  are  vrom 
and  marked  in  a  chanicteristic  fashion  and  cut  tntu  terraces,  and 
when  fiiund  above  Ihe  level  at  which  the  sea  can  now  reach  them, 
are  evidences  <>(  Ti|>heaval  at  that  [loint.  Such  well-defined  sea- 
marks hiffh  above  the  present  sca-icvcl  arc  common  in  the  hiRh 
liititiid<^  i>f  th<^  iKirlhern  hemispliiTf  and,  in  many  |il;itcs,  iHe 
change  is  still  in  progress.  The  Scandinavian  peninsula  shows 
slow  changes  of  level,  whidi  constitute  an  upwarp;  the  south  coast 
of  Sweden  is  stationary  or  sinking  slightly,  but  cisrwliere  the  raoxt- 
ment  ts  U|)ward  and  increases  in  amount  towards  the  interior,  the 
successive  trrnices  rising  towiinl  the  heads  of  the  numerous  deep 
fjords  which  indent  the  coast.  These  facts  have  been  strongly 
disputed.  l>ul  have  recently  l>cen  emj)haticaily  reaffirmed  by  the 
Swedish  geologist  Ue  Geers,  who  shows  that  the  tsobasic  curves, 
connecting  points  of  equal  elevation,  form  cllijiscs,  the  long  iix'n 
of  which  coincides  with  the  water-shed  between  Sweden  and 
Norway.  Along  this  line,  the  deration  is  at  a  maximum,  reaching 
nearly  looo  feet,  and  diminishing  from  the  axis  lowarti  the  i>eriph- 
en,'.  Such  a  result  can  be  explained  only  by  an  elevation  of  the  land, 
not  by  a  with<lrawal  of  the  sea,  which  could  not  ha^-e  changed 
Ihe  level  of  the  terraces. 

"  Raised  lieiiches,"  fillc<I  with  the  remain.s  of  marine  animaU, 
are  a  decisive  proof  of  a  rise  of  the  land,  or  a  fall  in  the  sea,  and 
evidence  of  a  .'.imilar  kind  bt  given  by  raised  coral  reett.  Such 
raised  bcjches  now  f.ir  alK)ve  the  sea  occur  in  Scan<tinavia,  <>rcat ' 
liriuin,  the  West  Indies  die  west  coast  of  South  America,  the 
Red  Sea,  and  elsewhere.  The  eastern  toast  of  North  ■■Vmcrica 
shows  marks  of  rdaliwly  late  dcvalion,  increasing  in  amount 
northward,  .■Vt  the  mouih  of  the  Connecticut,  the  highest  beach 
is  40  to  50  fed  above  sea-Icvd.  at  Boston  it  is  ;;  lo  too  feet,  on 
the  eoiiM  of  Maine  it  Lt  zoo,  and  on  that  of  I^hrador  500  feel. 
.On  the  eastern  shore  of  Hudson's  tiny  the  marine  terraces  swl 
chcs  extend  up  to  700  feet  above  aca-leveL 


Still  another  kind  uf  cvidaKe  uf  rcc«nt  elevation  may  often  be 
gained  trom  the  form  and  characler  of  the  coast  liseii,  ta  « ill  lie 
cxpbined  in  Pnrt  til. 

In  the  geological  period  (Pletstocimc)  immediately  pfcceiiing 
the  retrnt  one,  in  wlii<'Ji  we  lire  li%'tng,  sexcnil  immense  bkes  existed 
in  the  interior  of  North  America,  some  around  the  hasios  of  the 
present  Great  Lakes,  others  in  Ctuh  and  Xc^'adu.  The  ancient 
shore-linee  of  these  rnnishcd  takes  may  still  be  seen,  for  the  most 
port,  in  admirable  prcservalioni  when  first  furmetl  by  the  action 
of  the  <nlet«,  these  beaches  must  have  been  li-^el,  but  accurate 
survej's  show  that  they  are  no  longer  so,  but  have  undeni;one  ex- 
tensive waqiinx^f- 

niicrcMK^  rocks  of  marine  origin  occur  on  land,  they  prove 
the  elei-atioit  of  the  area  where  they  are  found.  The  groit 
imporuntc  of  ihe  process  is  shown  by  ihc  fact  that  the  Unier 
part  of  all  Ihc  continenLt  is  comjioied  »f  nnk^  which  were  laid 
down  in  the  sea  and  are  of  all  geological  dates. 

ET)deiic«B  of  DepnssloiL  ^;\s  amienl  siructures  <)n  long  in- 
habited coasts  »i>n)i.timcs  show  clcxation,  they  likewise  soiuclimcs 
show  depressiot).  On  the  north  coast  of  (vK)'pl  ancient  rock-cut 
lonbe  are  now  viutJe  beneath  the  naters  of  theMeKliterranean. 
The  letimony  of  old  buildings  shows  thai  the  easieni  end  of  the 
island  of  Crete  b  sinking,  while  the  west  and  south  coasts  are 
rising.  The  Roman  mole  at  I\)£zuoli  has  sunk,  as  is  shown  by 
the  roooring-ring^  for  >iiij»,  now  permanently  below  gca-le\'d. 
South  of  Stockholm,  in  Sweden,  the  remains  of  an  ancient  hut 
were  found  in  place,  65  feet  liclow  tlic  iiurfuce,  buried  fn  murine 
depodtx  which  cmniain  shdU  of  the  same  species  now  living  in  tlie 
Baltic  On  the  nxsl  coast  of  Greenland  the  sinking  b  so  rapid  as 
to  have  attraclei]  the  allailton  of  the  natives. 

Buried  forests  found  bctow  M-a-te\-el  indicate  subsidence.  Such 
fbnsts  occur  in  iIk  delta  of  the  Mi».-<i.'t.sippi,  on  the  shores  of 
Cbeupcsike  Bay  and  at  many  points  on  tlie  sca-<:oai't  of  the  southern 
■ad  middle  .Atlantic  States,  notably  in  Xew  Jci^ey,  where  th^  coa^tt 
m  tiiUiing  at  a  rate  estimated  at  3  feet  per  ccnlur)'.    Submerged 
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fdKSts  are  aha  found  on  the  coast  of  Holland  and  along  the  whole 
north  coast  of  Gcrmuny,  lnnh  on  ihe  North  iinif  lUllir  St-as, 

A  rivCT  channel  invaded  and  covered  by  the  sea  is  still  another 
proof  of  deprewion,  Imsjiusk  a  river  llovring  into  llie  sea  ciinnot 
excavate  Ihc  sca-bonom  below  the  level  of  its  mouth.  Very  many 
such  instances  are  known,  of  which  it  will  suflice  to  mention  two 
or  three.  The  ancient  channel  of  the  Hudson  has  been  traced 
by  sounding  out  to  the  eilge  of  the  continental  jilatform.  more  than 
lOo  miles  southeast  of  Sandy  Hook.  In  the  same  manner  the 
channel  of  tlie  Si.  I-inrence  may  be  followed  out  ihrough  the  Strait.* 
of  Belle  Isle, and  that  of  the  Congooxtcnds  out  70  miles  from  the 
west  eoa.*!  of  Africa,  willi  a  depth  of  nearly  1000  fathoms. 

The  apparently  contradiclciry  ct'idencc  in  the  ciwe  of  the  St. 
Lawrence  channel,  which  indicates  depression,  and  that  of  Ihe 
Labrador  C(»ast,  which  is  rising,  is  not  so  in  reality,  (or  the  move- 
ments are  successive,  not  simultaneous. 

Coral  reef;*  often  give  ])roo[  of  ilepression,  for,  a.'?  most  of  the 
rccf-buildini!  corals  cannot  live  in  water  more  than  jo  fathoms 
deep,  »  greater  thicknnut  of  the  reef  ih.in  this  indicates  a  sUnvr 
sinking,  at  a  rate  not  exceeding  the  upward  growth  of  (he  coral. 
Borinj{S  made  in  the  South  Paiil'ic  island  of  Funafuti  show  that 
that  reef  exci-cds  1 100  feet  in  thickness,  and  must  therefore  have 
been  gradually  depressed.  Another  obvious  proof  of  subsidence 
is  a  great  ihit  knos  of  .shaUow  water  de()0!4il.t;  tor,  if  ihe  »ca-bol- 
(om  did  not  sink,  the  shallow  water  would  soon  be  filled  up  and 
the  n>a.<t-line  advanced.  The  study  of  the  maleri.ils  novr  accu- 
mulaUng  on  the  ocean-floor  enables  us  to  determine  ihc  depth 
of  vfater  in  which  nndent  depo»iu  were  formed,  and  aj>|tlying 
this  knowledge,  we  learn  (to  give  only  one  example)  that  from 
the  Hu<l4on  River  southward,  the  c>oa.ital  plain  of  the  Atlantic 
States  is  covered  by  very  thick,  shallow- water,  marine  beds,  at-  is 
revealed  by  the  numerouit  arte.iian  welU  which  have  t>ecn  driven 
through  them.  The  fact  that  these  beds  are  now  part  of  « 
land-surface  indicates,  of  course,  that  they  have  been  elevated 
equently  to  their  formstion. 
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Finally,  the  form  and  topapnyihy  ol  a  cxxut  nuiy  betray  its 
recent  subsidence,  as  will  be  more  fully  explained  in  Part  III. 

As  regards  the  osciUations  of  \c\c]  which  arc  now  going  on,  it 
is  not  definitely  known  whether  Iliey  proceed  continuously  at  a 
unifom  rate,  or  s]>n»no<Iic.nlIy  with  inlcnnls  of  complete  rwt. 
In  the  case  of  a  succession  of  marine  terraces,  one  aljove  aiiolher, 
Ibc  movement  cannot  have  been  uniform,  or  else  a  continuous 
slope  would  have  been  produced ;  each  terrace  and  beach  indicates 
a  pause,  during  which  the  waves'  cut  ihe  nicky  »h<-ll,  or  accumu- 
lated the  beach,  while  the  steep  slope  between  two  successive 
terraces  points  to  a  relaii\-«ly  rapid  rise. 

The  following  tabic,  which  exhibits  the  data  gathered  chiefly 
by  Kaywr,  will  l>c  ^r\-ioeal>le  a-i  hhowing  the  extent  and  char- 
acter of  the  diastrophic  mox'cmcnts  which,  it  is  inferred, arestill, 
DT  have  recently  been  in  |iro};Te»s  along  Ihe  princi)>al  coaat-lines 
of  tbe  world.  In  this  table  no  account  is  taken  of  the  movements 
wbkh  have  h^re  and  there  been  detected  in  the  interior  of  the 
differml  cnnttnents,  mkH  ».<  ihuse  already  mcnti(>ne<I  for  North 
America,  and  others  which  have  been  obsened  in  northern  Swilz- 

crluid. 

Kisntn  StxKixn 

iVorlh  America 


EmI  trail  nf  OrTcnlnnd. 
Ew<  roail  (Ii>kii  (o  a'  S.  Ui. 
GttU  of  Menco  and  Aniillm. 
PiKificnMsi. 


Wnl  coail  of  Grcrnlond. 

E&((  foiut  (rHBi  45"  N.  Ut.  to  mil 

of  Florida. 
Eut  cout  of  Ceninl  America. 


South  Ameriea 


ir  coUil,  cii:rpt  ihiU  of  Peru. 
ic  ccnu  Imtn  mouth  of  La 
PlaU  to  lo*  S.  bt. 


CoDEl  of  Peni. 

.^llanlic   raast,   except     Unifuay 
and  South  Bnuil. 


Atia 


SmtiK  north  coait  and  tnM  coaa 

to  jo'  N.  Uu 
Sotuh  rout  and  Malay  Anfaipel- 


E 


Minor. 


East  OMil  of  aatiibem  China  and 

Tonkin. 
Laciadive  and  Maldive  Itlanda. 
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Auslralasia 


AmtmlU.  south  domI,  and  Tas- 
mania. 

E»at  mnBl  of  New  ZvpUnd. 

Pocilic  coast  of  New  Ciulnca. 

Soluniuii.  Ntw  Hrbriiks  Sainoan, 
Snndinch  Islatitls,  and    many 

OthflS. 


Auitnilu,  northeast  roast. 
Wf«  c«Mi  of  Ncvp  /^-aland. 
South  const  of  New  Guinea. 
Caroline,       Marshall,       (1  libera 
1'ongs,  Soclcix  Islands,  etc. 


Africa 


Coast  of  R<^d  Sn :  cast  rout,  west 
roast  up  \a  (iulf  of  (iujnva. 


AlUntic  coast  or  Morocco,  cut 

roast  of  Tripoli. 
North   muM  of  E^pt :   Uu^I  of 
Guinea. 


Europe 


I>cloponne»u»,  Sirily,SardinIi,Li- 
gurixD  cDntt.  Balearic  Ixtanilt. 
iDulh  roastof  Spain;  wesi  toasl 
of  KrHfirr,  In^lMidandScollAnd; 
Sondinavia. 


England;  north  roitst  of  Franct^ 
ihi;  Nflbrrlands  and  Getatanj, 
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From  Ihia  tattle  U  is  apparent  lha<  few  coa.sb(  are  .sLilInnary, 
but  thai  almost  all  are,  nr  have  lately  been,  in  movement,  and 
further  that  upheaval  Rrcally  jircponderalcs  over  sulisJdence. 
Still  aniUhcr  signifK.iiiI  resiill  i)f  ihese  observations  is  ihat  axeaa 
of  opposite  movement  may  be  in  close  juxtaposition,  as  on  the  two 
fxiXcf.  ni  the  Tkillir,  the  cilsI  ami  we$l  <:oii$t»  of  Grernlnntl,  the 
caslcrn  coast  of  North  America  and  Asia,  and  many  other  regions. 
In  such  cases  the  movement  mu.it  lie  in  the  land  rather  tlum  in 
the  sea. 

Eastsqdakes 


m 


An  earthquake  h  caused  by  a  series  of  eb.M{c  waves  due  lo 
sudden  shtick  in  the  ranh's  interior;  the  visible  phenomena  at 
the  surface  arc  produced  by  the  outcroppinfj  of  these  waves  and 
■Sy  the  miivempnts  of  the  Mift  and  inelastic  soil,  which  is  set  in 
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notioa  bir  the  outcropping  n-aves.  While  the  clastic  wavtt, 
which  IB  mode  of  transmt^nion  rCM'mble  thme  <jf  souiid,  are  vci>' 
repilar  id  hard  and  homogeneous  rocks,  the  actual  moveinentii 
of  a  gi%'cn  panicle  at  the  surface  are  highly  irregular  and  confuMd, 
u  a  well  shown  in  the  wire  model.  Fig.  i.  This  model,  con- 
stnicted  (mm  the  retords  i>l  seisnwgrdph^,  gives  in  magnified 
form  the  movements  of  an  carlhparticlc  from  the  aoth  lo  the  4olh 
sctrrnd  of  the  iihock,  the  numl)crs  indicating  the  position  of 
the  panicle  at  each  successive  second.  Tlic  sHsmographt 
referred  to  are  recording  instruments,  commonly  hori/ontal 
pendulums,  which  register  on  piipcr  strips  the  various  components, 
horizontal  and  vertical,  of  the  movcmenB.    Su  delicate  are  iheie 


-  klacniliFd  n>od(!l.  ihowioK  the  movnnnili  uf  ■  wrfiKtt  pulicit  ol  earth 
lMM4MMibi»ihe4Mh  mond  ol  ■  shock.    (Umon) 


iutruracnts,  that  they  register  e^'cn  thoM  violent  shocks  which 
oritpnatc  al  the  verj  antipodes  at  the  obaervalor>-  where  the  instru' 
laeiu  a  installed. 
The  study  n(  setynwigraphic  records  has  brought  to  light  many 
ily  significant  facts,  among  others  Uiat  minute  and  insensible 
of  (he  e-.irlh  are  alnxust  incievant,  but  some,  at  least,  of 
ihe«e  iremofs  are  due  (o  atmosphrric  changes  and  it  is  not  known 
bow  lari^e  a  iiroponion  u(  litem  are  oi  xubterrancan  origin.  The 
tern  "  earthquake "  is  usually  restricted  to  those  movemenl* 
of  the  ground  which  can  be  felt,  though  the  distinction  is  a  some- 
what arbitrary  one.    Another  very  important  reuiU  of  the  «eiuno- 
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graphic  obsenaiions  lit  ihat  when  a  very  dbunt  earthquake  is 
registered,  three  scries  of  waves  are  indicated,  via.,  Ihe  i.ii  and  ad 
I>hase»  of  the  [irelimiiur}'  ircmiirs,  and  (he  larger  waves  of  the 
main  shock-  Those  first  to  arrive,  called  the  prcliminan.'  treinoni, 
are  believLi!  to  Iil-  transmitted  thmugli  the  m,i$s  of  the  ciirlh  along 
the  chord  c/f  the  arc  included  between  the  point  of  origin  and  (he 
point  of  oKsen aiion.  The  [iretiminary  tremors  include  twu  of 
the  three  series  of  waves,  kn<iwn  us  phases.  The  heterogeneous 
masH  of  ix>ck&  wliich  forms  the  outcrmwt  cruitt  of  the  eartli  does  not 


.  ■-• 'tV^-J."-- ^.v  -,'»_.iM^— --,,^ 
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PiO.  3.— Srttmccriiphic  r'coti!  ollhr  S.in  FviinLii.iii  eHiIhciiiAkc  of  lycA,  tJ.  S,  Cuul 
SarreyobwrvAtory,  C'ticliFTiliBiii.  Md.    A.  rrcliminirv  mmnm.  iti  ptuto:  B.  Pi«- 

liniinary  ticinort.  id  phuu;  C  Main  ihock.    Tin: 'd  stiowi  ihc  notth- 

BODlh  curnpuneni,  and  tlie  louvr  gitci  llic  nut-wcii  l  (Uauei) 


permit  the  transmia^on  of  any  simple  form  of  wav«-motion,  wid 
it  Li.  only  at  a  distance  of  almiil  10°  "f  arcr  of  the  earth's  surface 
(about  700  miles)  that  the  three  different  kind^  nf  waves  iKgin  to 
api>ear  u[xin  the  in.iiru mental  records.  The  prcliminarj'  tremors, 
which  pass  through  the  subcrustal  region  of  the  esirth  and  travel 
at  a  higher  rale  of  sjieed  tlum  the  waves  which  follow  Ihe  surface, 
appear,  as  already  mentioned,  in  two  phases.  Tlie  waves  of  the 
first  phaAC  are  lielieved  to  be  Ihe  normal,  or  comprcssional  waves, 
|)sc  of  the  second  phase  to  be  the  Iransvenw  or  disturtional 
he  two  known  kinds  of  waie  motion  which  can  be  trans- 
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milled  ihroufEh  »  horaogcneous  solid.  Tlte  waves  of  the  third 
series  arc  lunger  aixl  slower  (t-e.  nf  grcatrr  ampliltidc  and  period) 
and  coDstituic  the  "  main  shock  ";  ihcj-  are  b«lic%'ed  to  follow  the 
curvAture  u(  the  eutir.i  surfsce. 


Fvt-   %       ITiilTiHnilni  rtfioiu  ot  ihe  EuMva  Itrmiiphrnr.    (da  Monwuiu  de 

Ballon) 

IKctributkni  of  Earthquakes.  —  Sensible  eailbquakcs  nre  rciy 
numerous,  doi  Icas  Uuid  jo.ooo  is  the  cslitoalcd  number  per  annum; 
of  n>urM,  (he  greal  fnnjnrity  ot  these  are  \-cry  light.  While  any 
part  of  the  canh's  surface  may  be  visited  by  earthquakes,  then?  is 
a  m;  great  difTerence  between  diSercnl  regions  in  regard  to  their 
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seismicUy,  i.e.  the  frequency  and  violence  of  the  Rhodes  which 
affect  them.  The  mttin  seismic  r^ons,  when  plnlled  upon  a 
map,  are  found  to  be  arranged  in  Iwo  great-circle  bells,  one  of 
which  ericItMts  the  IVcific  Ocean  anil  the  other  girdles  the  whole 


Vif:  5.  —  Eonhquihc  tegioni  of  the  U'tstcm  Hcmuphcrc.    (de  Montenusi 

Billuce) 

earth.    The  latter  includes  the  Medtterranean  region,  the  Azores, 
the  lied  of  the  Atluntic  wi-slward  from  (he  Awires  to  ihe  West 

E Indies,  those  islands  themselves,  Central  America,  Hawaii,  Japan, 
|Una,  India,  Afghanistan,  Persia,  and  .\sia  Minor. 
Bt  must  not  be  supposed  that  these  belts  are  uninterrupted 
I 
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zones  of  seismic  uctivily;  they  arc  rather  seismic  tracts  separated 
by  other  tracts  of  low  sdsmicily.  For  example,  the  eiulern  Aleu- 
tian Iskindx  am)  the  Alaskan  cuost  form  a  report  of  frequent  xnd 
wowtimes  vcr}-  nokni  quakes,  while  the  coast  bcineen  Alaska 
and  Oilifurala  b  not  often  shaken.  Odifornia  is  an  earthquake 
region,  as  b  also  southern  Mexico,  and  Cenirai  America  has  a  very 
hif^  decree  of  sekmidty,  but  there  ix  a  long  interviil  hcfnrv  the 
canhqiiakc  region  of  Ecuador  is  reached.  'I'hoUf;h  the  bells 
are  tiiiu  ditcunlinuouK,  it  in  neveriheks.s  .'.ignificani  that  tlic 
srparate  seiscnic  tracts  arc  arranged  in  belts. 

The  regions  most  subject  to  earthquakes  are  thu»e  whiili  have 
the  etecpest  slopet  and  are  iL^cH-iateil  with  the  great  h'nes  of 
cumi^tion  of  the  earth's  surface.  A  sca-boliom  steeply  de- 
scending fnwti  Ihc  sliore  is  apt  to  lie  unstable,  csperially  if  high 
roouni&ios  atise  near  the  coast,  while  a  low-lyin^  coastal  plain 
and  adjoining  gently  xloping  wia-liotlom  are  u.sually  stable. 

Beside  the  main  seismic  rcpoos  above  enumerated,  there  are 
irany  niben  where  l)ie  xhocks,  though  not  tnfrcqueitt,  are  seldom 
violenL  Examples  of  such  regions  arc  Xew  England,  Stvititer- 
land,  Austria,  and  South  ncrmany. 

Although  carlbqiiakK  ate  commonly  perceptible  upon  the  land, 
ilir  most  frequent  scats  of  disturbance  are  in  the  bed  of  the  sea. 
These  subraariiM:  quakes  occur  at  all  depths  of  water,  and  their 
(nqucDcy  and  violence  arc  independent  of  the  distance  from 
Volonocs.  In  the  sea  there  are  regions  quite  free  from  quakes 
tad  others  of  a  hii;h  degree  of  »eisinicity,  hut  quakes  abo  occur 
in  an  isnbted  and  M'alliTeil  manner. 

In  the  Atlantic  there  are  two  remarkable  seismic  belts,  one, 
already  mentfunetj  as  [»n  of  the  great  earthquake  zone,  extending 
weMwarri  from  ihe  mouth  of  the  Tagus  in  l^rlugal,  the  other 
nearly  equatorial  and  reachitig  from  the  north  shore  of  the  Gulf 
ol  Guinea  toward  Brazil.  In  this  second  belt  the  Mta-floor  has 
pccdpitous  slopes. 

Submsrine  cables  are  frequently  intcmipled  at  the  ame  points. 
TbtK,  the  cable  from  the  Lijxari  Inlands  to  Sicily  has  been  broken 
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five  times  at  the  same  point;  on  October  4,  18&4,  three  parxllct 
cables,  alwui  10  miles  ajian,  wrerc  ximuliuneou^ly  broken  at  the 
i)aseof  the  sleep  cunlincnlalslopc,  330  miles  cast  of  St.  John,  N.B. 
Many  similar  instances  might  be  ^iven. 

CUssiiicBtion  of  Earthquakes.  —  Eiirthquttkcs  may  be  classified 
in  scveriil  ways,  accordiiiR  to  the  purpose  in  view.  With  regard 
to  the  manner  of  prodticlion,  ihej'  may  be  gruujtcd  into  voUanU 
ami  tfflonk  quakes,  which  will  be  explained  when  we  Like  up  tlw! 
causes  of  these  phenomena.  For  our  present  purpose,  which  is 
chielly  descriptive,  it  will  be  most  convenient  to  divide  earth- 
quakes into:  (:)  Xfaeroseismh,  or  larije  earilupiakes  which 
"  dlilurb  continenlal  areas  and  frequently  disturb  the  world  as 
a,  v^ole"  (Milne);  and  (i)  Ukroseismic,  or  local  earthquakes 
which,  as  a  rult,  affect  arviis  of  only  a  few  miles'  raditis,  rarely  as 
much  as  100  or  300  miles.  While  the  macruseismic  quakes  nrc 
due  to  a  disturbance  both  of  the  eiirih's  crust  and  of  the  homo- 
geneous interior,  those  of  the  microseismic  class  "  appear  to  be 
the  shivcrings  within  the  crust  "  (Milne). 

Il  should  be  observed  that  these  terms  have  been  frequently 
employed  in  sense*  \ery  different  from  ih<we  here  used,  which 
are  taken  from  Pmfcssor  Milne,  'lliiit  there  should  be  no  very 
distinct  line  of  demarcation  between  the  two  classes,  !s  not  sur- 
prising, for  they  represent  different  degrees  of  intensity  or  violence 
in  similar  ])henomcna. 

Phenonwoa  of  Earthquakes.  — The  phenomena  of  earthquakes 
differ  greatly  in  accordance  with  the  numlwr,  duration,  and 
intensity  of  the  shocks,  and  with  the  distance  of  the  pljice  of  ob- 
servation from  that  of  the  origin  of  the  disturbance.  One  of  the 
greatest  of  modern  earthquakes  i.*  that  of  northern  India  of  1897, 
which  is  well  summed  up  in  the  official  report, 

'■  On  the  aftern<H>n  of  June  11, 1897,  there  burst  ujmn  the  western 
l>onion  of  ,\ssam  an  earthquake  which,  for  i-iolcnce  and  extent, 
has  not  bi-en  sur])a.iscd  by  any  of  which  we  have  hi.tturic  recctrd. 
Landing  about  two  and  one  half  minulK*.  il  had  not  ceased  at 

ttillong  l)cfare  an  area  of  1 50,000  square  miles  bad  been  laid  in 
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Tuinf ,  nU  tnrans  oi  communication  interrupted,  the  bills  rent  and 
cast  down  in  Ittndslips,  and  the  plains  fL-wured  and  riddled  with 


Tta.  i.  —  bfAquakc  fiu«t«  In  linictioae.  Ariiona.    (U.  S.  <i.  S.) 

feats,  from  which  sand  and  water  poured  out  in  most  astounding 
qinatilics;  and  ten  nitnute»  lia<l  not  eUpned  from  the  lime  when 
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^*    terribly 


ShilloDK  was  laid  io  ruins  before  about  one  and  three-quarter 
millicjn  stjuiire  miles  h;irl  felt  a  tihock,  which  was  everywhere 
recognized  as  one  quilc  out  of  the  common  "     (R.  D.  Oldham.) 

A  ^ri:iii  earthquake  usually  bef^n^  suddenly  and  without 
warning.  A  rumbling  sound,  quickly  becoming  a  loud  roar, 
accompanies  or  slighiiy  precede.t  ihc  movemeni  of  the  ground, 
which  is  .nt  fmi  a  trembling,  then  a  shaking,  and  finally  a  rapid 
swaying,  wriggling  motion,  describing  a  figure  8,  which  is 
exlremely  dcstruclive  and  <ivcr(hn>ws  the  buildings  aCcctcd,  and 
even  in  the  open  country  it  is  im|>o§&ibIe  to  keep  one's  feet.  The 
surface  of  the  ground  has  been  re|)eaiedly  ol)served  t"  rise  in  low, 
very  swiftly  moving  waves,  somt-what  like  those  on  the  surface  of 
water,  upon  the  crests  of  which  the  soil  openti  in  cracks,  closing 
again  in  the  wave- troughs.  When  the  iiirth-waves  traverse  & 
forested  region,  the  trees  sway  viotcnlly  from  side  lo  side,  like  a 
field  uf  ripe  grain  in  the  breexe.  In  the  details  of  movement 
earthquakes  differ  greatly  from  one  another;  sudden  and  ex- 
Ircmcly.yiotent  vcrtic:il  shocks  miiy  oune  fnim  below,  or  the  surface 
may  wn'the  and  twist  in  every  direction,  instead  of  raUing  in 
w;tv«;  then-  may  I»e  only  a  .single  shoik,  or  many  successive  one& 

Violent  earthquakes,  which  affect  extensive  areas,  are  almost 
a]wa}-»  followed  by  a  succe.'^ion  of  a/lcrilwcis,  which  may  continue 
for  weeks,  months,  or  even  years,  Thrac  may  be  vcrj-  violcnti 
though  never  equalling  the  primary  shock  io  Ibis  respect,  bul 
gradually  ilie  .iway,  until  the  region  once  more  comes  to  resL 

In  the  sea  the  elastic  waves  producing  shock  soon  die  away  in 
ihe  water.  OhsenatJons  made  <m  the  several  ship*  affected  by  ibt 
same  quake  frequcmiy  show  a  lineal  arrangement  of  the  dis- 
turbances. A  special  manifestation  of  cariiiquake.'.  in  ihe  bed 
of  the  Bca  is  the  great  xea  wave  (someiimes  erroruinisly  called  the 
tidal  wave),  which  is  a  gravity  wave  produced  by  disturbances  of 
the  sea-lldor  or  by  a  .submarine  volcanic  eruption.  The  great 
sea-wave,  though  not  strikingly  displayed  in  the  open  sea,  ])iies 
up  on  the  coa.it  into  enormous  bre:ikcrs,  which  often  are  more 
terribly  destructive  than  the  carth-wuvcs  themselves. 
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ti  GuibqoakM.  —  Sirkily  spnikinf[,  the  f^eoloipcal 
of  rartiiquska  an  of  las  importance  thaa  is  usually  sup- 
TV  vtolcoi  shakinx  ttt  the  surface  often  bringf.  ali»ut 
IP«W  laml-ilip*  tn  itMuniain  regi'tn*.  which  prtcipitute  rnormoiu 
aMMs  at  mxih  and  rock  fram  the  heights  dovnt  into  the  nUevi. 
A  MrikiRK  nBOtple  n(  this  wait  (ciwn  hv  the  ranhquakn  ot  nurtli- 
Green  tn  1X70,  in  whii-h  the  nck^lidcs  were  on  a  KJitanlic 
The  (aHInit  mavn  may  tctnimrarjly  or  pemuncntly  block 
ifac  «*Bm.  tociirnlng  their  Hrcnne  into  lake. 

Oa  iW  KlhcT  hantl,  the  diaslrophlc  [oren  which  produce  the 

^k/thquakr  nften  have  other  rffcct*  of  the  itmtcst  im|>onaiKe. 

In  all  ol  the  nnrc  nolent  quakes  cracks  and  6DWim  of  the  KMuml 

mtr-  lonaed,  wUdi  aaj  ck»e  ajQitin  or  remain  open,  and  m:t>  >h>iw 

B  Kacal,  Offvtd,  offBf,  or  radialini;  arrantcemcnt.    Throuith  these 

gnmt  quasttik*  o(  walcr  and  und  are  often  forced  U]i 

ImIbv  and  binn  Uttlr  sand  enters,  i>r  water  lillrd  lunncK  no 

the  awfant.    FRqomlljr  ibc  tmum  aK«umc  the  character  ol 

JmlM,  or  dfalecatiofis,  00c  side  brtni;  raised,  the  other  depressed. 

ao  ite  taof  Karfr,  or  low  clifls,  arc  left  Manding.     A  lot^  liit  of 

rack  bolli  formnl  in  mcMWrn  rarthquaka  might  lie  Kivrn,  though 

tte  laftufani  nt  nar*  forbid  the  mention  nf  mure  than  a  few. 

la  t<it-i8i>,  near  Sew  Madrid.  Mu.,  hundretb  of  faults  re- 

(rom  the  nulmt  nrthquakcs  which  shonk  that  rexion.  and 

art*,  70X30  niln  in  extent,  known  aa  the  "aiink 

htwoL    Tbe  anh<)iuke  i»f  Owcnii  Valley,  CaL, 

il7t,  WIS  aocotnpanted  b}-  the  furmniinn  ri(  a  fault  40  mile*  In 

Iranth  and  «kh  a  vertical  diiplaccrocnt,  or  iknrw,  ol  5-10  feet, 

ataqf^euMn  bate  of  the  Sierra  Nevada.     In  the  Sonora  earth- 

^^■k*  of  iM;.  in  AriciTta  and  Mexico,  a  aignf  fault,  j;  niilr* 

Im  aod  witk  a  naomura  throw  nS  ao  feet,  was  priiduttd.    The 

ftna  T«sa,  tn  Mexico,  tffttn  to  have  been  raited  In  iMi  moie- 

■Hl.  for  ■  leaiad  laolt.  with  »ppMtte  incUnatloa,  waa  formed  on 

AxMhn  ijdral  that  nnfe.    The  Japonne  earthquake  of  1801 

•M  acn^^salrd  bf  a  fault  U  40  mila  in  length,  with  tfatowa 

jj  ftct  in  tM%hL 
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^f  Mention  hiis  already  been  nude  <>(  the  great  Indbn,  or  Awua, 
earth()uake  of  1897;  it  was  accompanied  by  several  large  faults, 
from  which  lesser  ont»  branch  out.  .\a  a  result  of  the  cinhiiuake 
of  1899,  the  re^on  of  Vakulat  Bay,  Alaska,  was  much  disturbed, 
with  an  elevation  of  ihe  coast  at  one  iM^ni  of  47  feel.  "The 
chanKC  of  level  was  di0crential.  indicating  a  complex  5\>sten) 
of  faiiitir^  on  a  large  scale;   and  shattering  of  the  rocks  proves 


Fro,  J.  —  Fiutl-scaip  ia  thr    Nm  Valley.  J:.; 
it>o«t  a  iSglU  bmuonul  u  ucll  u  vt  1 


ni^ke  of  1B91.     Tbe  md 
Lament    (Milne) 


muchdifferentjal  moTciueot  on  a  smaller  scale."  (Tarr  and  Martin.) 
In  the  San  Francisco  earthquake  of  i>)o6  two  long  t!ne»  of  paraDd 
faults  were  formed,  with  varying  throw  up  to  jo  feet. 

\Euiih<|uake  di^placemcnlj^  may  he  borizoniat  a^  well  as  vertical, 
hough  the  former  are  less  obvious  and  have  not  therefore  bees  so 
idy  oli>erved.    Lateral  displacements  amounting,  in  name 
SticSi  to  as  much  u  30  feel,  in  a  direction  parallel  with  tl^^ 


though t 
j^^^hmient 
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fau]l-5carps,  were  a  very  marlu-d  feature  of  the  San  FranciKO 
ennhifuake.  Horixonu]  cI^ilMemcnU  were  al»i  (ibscrvcd  nftCT 
the  Indian  canhquakc  of  1S97.  (he  Sumatran  of  iSgi,  the  Japnnese 
of  1801,  theO«ren'»  Valley  of  1871,  and  otltcrs. 

The  most  rcmaikablc  of  modem  faults  arc  those  which  have  bcin 
(leterted  by  M)un<liugs  in  the  floor  of  the  eoAlern  Medi terra ncaii. 
The  earthquake  of  October.  1873,  off  ihc  wcslem  coast  of  Greece 
n=itilled  in  a  scarp  on  the  sca-Soor  with  a  depth  of  mod  feet,  where 


!  tmkn  twd  ihiflBd  boriionlalljr  tj  Inl.  Sua  FtanclKO  euAqiMk* 
of  tgo6 


lonneiiy  the  depth  had  be«ti  1400  (ixl.  In  1S78  the  cable  to  the 
UoDtl  of  CrW  wa.4  broken  in  two  places  by  a  violent  earthquake 
and  (be  sea-floor  had  become  so  irreguLir  that,  in  relaying  the 
atble,  il  wu  found  ncce&ur)'  to  make  a  long  detour.  The  cable 
from  Zontc  lo  Crete  was  broken  by  an  earthquake  in  AukuM,  1S86, 
a&d  at  the  break  soundings  revealed  an  increased  depth  nf  1300 
fete     SoPDc  of  the  Mediterranean  iic&rpi  are  3000-jooo  feet  high, 
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but  the  time  of  (ornmlion  of  these  enormous  dislocations  b  not 
definitely  known. 


FlOi  gi^llorisontil  ttiiltine  of  the  rraund,  San  Fnncii(xi  ranhqiiak".  1906.    Befcn 
tli«  tantiqiuke  iiit  raid  was  iiraigbl.    (Phoracnph  bj  SmclutJ 


A  very  common  result  of  riirthqutikes  is  a  change  in  tlic  circu- 
lation of  underground  waters.     Wells  and  springs  go  dry,  wh 


EFFECTS  OF  EARTHQUAKES 


49 


other  aprinft!)  are  fomied  id  new  (ilace^,  or  old  un<s  may  be  increased 
in  volume.  The  changes  in  the  form  of  the  land  Hurfacc  {iroduce 
corresponding  changes  in  surface  drainage;  riwn  arc  diverted 
into  new  channels  <>r  diimined  inio  blies,  while  streams  intersected 
by  faull-scaTps  fami  new  cascades.  Many  new  lakes  multcd 
frum  ihe  Indian  Ciirth(|uake  of  i$Q7- 

The  general  rcsulu  obtained  from  the  study  of  iJie  diustn>phic 
movement*  which  acrompany  earthquakes  arc  thus  summed  up 
by  Professor  Hobbs:  — 

*•  I.  A|it>re(riaMe  surface  dislocations  appear  to  be  formed  only 
at  ihc  rime  of  macroscisms,  and  the  throws  upon  these  planes  stand 
bi  Mitne  relation  to  ifie  magnitude  of  the  disturbance. 

"  ».  The  evident  dislocations  produced  arc  generally  of  two 
orders  <)f  magnitude,  ihme  of  the  higher  isrdcr  being  gencmlly 
rcfv  limited  in  number,  while  those  of  the  lower  order  arc  often 
qnfle  numerous. 

"  3.  Earthquake  dislocations  arc  normal  faults  with  hades 
itifiniachinii  the  vertical."  That  !.>>  lo  say,  the  kadt,  or  indina- 
tiuo,  of  the  fnuh-plane  slopes  downivard  toward  the  depressed  side, 
a*  thoufch  the  latter  hail  merely  slipped  down  the  inclined  plane. 

"  4.  The  iTiftal  miivemcnl.-i  indicated  at  ihe  surface  at  the  time 
of  earthquakes  appear  to  be  due  to  an  adjustment  in  position  of 
individual  bhn'ks." 

The  formation  of  nonnal  faults  and  open  liss.ures  during;  an 
Mftbquake  shows  that  the  sirftwes  to  which  the  outer  portion  of 
the  (Tust  nelds  are  tensional.  or  .iiirctching.  Compression  maj'  also 
occur  locally,  aa  appears  from  the  ti|>war>]  or  lalerid  bending  of 
tailvray  rails,  so  frequent  a  phenommon  of  great  disturbances,  but 
mch  caaipnssion  is  frciiuently  due  lo  the  jJipping  of  dee|>  masses 
al  soil  and  lo  be  compensated  by  strelchins  at  other  points.  The 
inea5un-meni5  of  llie  ntilw-ay  lin<s  after  (he  great  Indian  earth- 
quake of  1807  proved  thai  whenever  the  rails  had  been  bent  at 
ODT  point,  they  luid  Invn  dragged  apart  by  an  e((ui>-alent  amount 
at  another.  This  refers  lo  the  movements  of  soil;  horitontal 
(suiting,  on  the  other  haixJ,  implies  a  true  compression. 
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Causes  of  Earthqualces.  —  In  res)iecl  to  their  mode  of  cuusulion, 
canhqtiakcs  arc  usually  divided  into  two  classes,  voUanU  and 
leclcttk,  ihouRh  It  is  often  impossible  to  determine  lo  wbiili  of  the 
two"  tUsses  a  given  earthquake  should  Ijc  referred.  The  volcanic 
earthquakes,  which  arc  closely  assoctateil  in  time  and  space  with 
volainic  cni|iiionK,  arc  due  to  steam  exjilosions  and  to  the  struf^lcs 
of  the  rising  lava  within  the  earth  to  escape.  In  their  typical 
manifestation,  volcanic  qtjHkei  have  x  ddinttc  centre  of  origin, 
which  is  in  or  near  a  \'olcano,  and  are  rarely  felt  over  any  very 
extensive  area  of  country'.  The  eanh(|u>ike  of  ilSl^j  in  the  i.sland 
of  Ischia  was  of  terrible  violence  and  completely  destroyed  the 
town  of  Casamicriola,  with  great  loss  of  life,  yet  the  shwk  was 
hardly  pcrcqjiibie  at  Naples,  a  distance  of  twenty-two  miles.  The 
^reat  eruption  of  Mauna  Ix>a  in  the  Hawaiian  Islands  in  1 868  was 
preceded  for  six  dai-s  by  i-arthquakcs  of  gradually  incri^asing  force, 
until  they  became  frightfully  destructive.  Wlien  the  lava  burst 
out  from  the  volcano,  the  earthquakes  rapidly  died  away.  Ex- 
treme as  was  the  violence  of  these  shocks,  they  were  almost  con- 
fine<J  to  the  -inuthern  side  of  the  island;  elsewhere  they  did  little 
damaf;e.  and  at  a  distance  of  1 50  miles  were  barely  scif^iblc.  The 
earthquakes  of  Central  America  and  thocteal  the  Iklsc  of  /Ktnui  and 
Vesuvius  and  other  volcanoes  are  of  this  class. 

Tetionic  earthquakes  are  believed  to  be  due  to  stresses  in  ihc 
interior  of  the  earth  which,  when  suddenly  yielded  to  by  the  rocks, 
caase  the  jar  and  shock  which  generates  the  earthquake.  Macrii- 
seisms  arc  probably  caused  by  the  formatii>n  of  new  and  great 
fractures  and  microscisms  by  settling  along  existing  lines  of  frac- 
lure.  Tectonic  eartlupmkcs  are  linear,  the  maximum  destruc- 
livMicss  being  along  the  line  of  fracture  and  rapidly  diminishing 
Iran.sversely  to  this  line;  owing  to  the  deeper  pcisition  of  their 
origins  and  the  greater  masses  of  rock  in^'olved  in  the  movement, 
their  effeHs  are  far  more  widely  spread  than  those  of  the  wilcatuc 
cla(&.  Another  distinction  from  the  latter  is  the  succession  of 
-shocks  which  follow  the  great  tectonic  quakes  and  which 
longest  away  from  (he  primar)'  line  of  fracture.    These  are 
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due  to  the  patluul  rra<tju.-tlaKnt  of  the  moutic  of  blocbs,  nhich, 
as  wc  have  alrtady  seen,  makes  up  the  outcnnost  part  of  the  «anh's 
crust. 

Just  how  the  internal  stresses  above  reterrcd  to  are  gcacralcd, 
i<i  liy  nil  mcaas  clear.  Tlic  explanation  usually  aiTepted  U  that  the 
earth  is  slowly  contracting  on  account  of  the  loss  of  heal,  and  that 
the  cnai,  which  must  follow  the  shrinking  interior,  is  being 
crowded  int"  a  smaller  s|)ace,  with  resultant  ruptures  and  shocks. 
Howe\cr,  thin  coniraclionaJ  hj'polhcsis  is  allogelbcr  rejected  by 
several  high  authorities,  and  no  vct>'  satisfadoiy  substitute  for  it 
has  been  (Ktoposed. 

On  the  other  hand,  il  is  contended  by  some  geolog;i:>l:i  that  all 
earthquakes  arc  essentially  volcanic  in  origin.  These  obser^-era 
call  atieiuion  to  the  '"  nuirked  .lynchronism  or  cIoo,e  following  of 
ilie  major  disturbances,  whether  volcanic  or  seismic,  at  distantly 
ranoved  poinu  of  the  earth's  surface,  at  certain  periods."  (Heil- 
prin.)  Il  i.*  undoubtedly  tnie  llat  such  an  a.<.MKi:ili<3n  is  indi- 
cated by  many  facts,  but  much  remains  to  !«■  learned  before  Ih- 
lull  signifKancc  of  these  facU  can  be  detennined. 
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CHAPTER   II 
VOLCANOES 

A  VOI^ANO  is  Ufuallya  ninWl  mount,iiii  iir  hill,  with  nn  opening, 
or  crater,  through  which  various  solid,  molten,  or  gaseous  materials 
are  ejecied,  The  essential  purl  of  the  volcano  is  ihe  i>[ieniiij;,  or 
vent,  and  some  volcanoes  consist  of  almost  nothing  else.  The 
mountain,  when  present,  is  secondary  and  is  formed  by  the 
materials  which  the  volcano  itself  has  piled  up;  it  t$  thus  the 
efiecl  and  in  no  sense  the  cause  of  the  plienotnicna. 

Present  Distiibutioa  ol  Volcanoes. — Tlie  geographical  dis- 
tlihuiion  of  vxilcanic  vcms  has  greatly  changed  at  different  periods 
of  the  earth's  hitlorj'.  While  then-  are  some  larj^e  land  areas, 
like  most  of  the  Mississippi  \'alley,  which  appear  never  to  have 
been  visited  Ijy  volcanic  activity,  such  areas  are  comjiarativcly 
few  in  number.  In  most  regions  wc  find  distinct  traces  of  such 
action,  though  it  tnay  have  died  out  ages  ago  and  though  at  present 
no  active  vent  may  occur  for  very  grwit  rlistancw  in  any  rltrec- 
tion.  Such  is  the  case  with  the  valle>'  of  the  Connecticut  and 
nttrihem  New  Jente}',  Ireland,  Great  BriLiin,  and  very  many  other 
countries. 

We  cannot  definitely  determine  the  number  of  venti  which  are 
a(  present  in  activity  in  vitrious  regions  of  the  earth,  because  a 
volcano  may  retitain  dormant  for  centuries,  and  then  break  out 
again.  Almost  all  tradition  of  the  ^-oIcanic  nature  of  Vesuvius  had 
died  away  among  the  inhabitants  of  Italy,  until  the  dreadful  erup- 
tion of  the  year  79  a.i>.  shovi'cd  that  it  had  only  been  slumbering. 
Many  vttlcanic  rc}Oons,  siKh  as  the  western  part  of  North  and 
South  .America,  an<i  the  East  Indian  islafKU,  have  l>een  known  to 
civUiz«d  man  for  otily  a  few  centuries,  and  in  such  regions  the 
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disdnctioa  between  dormanl  and  extinct  vents  cannot  always  be 
made. 

Furthermore,  the  number  of  vents  is  constantly  changing,  new 
(i[icDinss  fonrnn^,  and  old  ones  closing  u|>,  while  »(ime  ihiit  huti 
cMxped  obscrvatian  are  not  infmjuently  discovered.  Another 
distinction  which  is  often  arbitrary,  is  that  between  iiidependenl 
rolcanocM  aix)  nwre  Nu)ic>.t(liury  vtnis  voniiecteil  with  larger  ones. 
Several  submarine  volcanoes  have  been  oliscrred,  bul  it  is  alto- 
(tether  probable  that  many  more  exi>t  w  hirh  liavc  c»cai>e<l  <ietec- 
tion.  Makingthtsenllnwani.'cs,  the  number  of  volianocs  now  active 
may  be  cstitnated  at  about  328,  of  which  r.ither  mure  than  one- 
ihinl  .ire  Nliuied  in  the  ciiniinrnls,  :ind  the  rrmiiinder  on  islands. 

The  active  volcanoes  arc  not  scattered  haphazard  over  the  sur- 
face of  the  globe,  but  are  urranget)  in  bc!u  or  line*,  which  bear  u 
definite  relation  to  the  great  topogrsipbicul  fe^itures  of  the  earth 
a»  weU  as  to  the  seismic  liclls  dcscrilted  in  the  prc(e<iinj{  chapter. 
Twn  ui  Ihoc  belts  togeiher  encircle  the  Pacific  Ocean;  one  on 
the  wcsl  coast  of  the  Americas  runs  from  .\bska  to  Cape  Horn, 
the  other,  a  very  tong  and  sinuous  band,  nmning  from  Kiimsclulka 
tbrouKb  the  islands  psrallcl  to  the  east  coast  of  Asia,  ihc  East 
ladian  and  Miutli  Pacitir  i^bnd^.  In  tlie  Antarctic  circle,  where  il 
joins  the  American  hand. 

\i  in  the  case  of  the  seismic  hthi,  the  volcanic  bands  arc  not 
caoiinuoits,  but  consist  of  a  scries  of  ^'olcanJc  tracts  separated 
by  olhcrs  which  bare  no  volcanoes.  The  i-oincidence  of  the  voJ- 
ouuc  and  eartliquakc  l>elts  which  endn.'lu  the  PacifMr  Ocean  is 
rvry  close  and  striking. 

A  third  IwikJ  (tccupies  a  rit^  in  the  eastern  IhiI  of  the  Atlantic, 
[rom  Iceland  to  beyond  St.  Helena,  from  which  arise  numerous 
mlcank  UlaiuLs  an<l  subnurine  \-enls.  Includei]  in  this  Atlantic 
b«nd  nrejan  Ma)-cn,  Iceland,  the  .\zorcs,  Canary  and  Ca|>e  Verde 
Islatitb,  Asceasion,  St.  Helena,  and,  in  ihe  far  south  {38°  S.  lat.), 
Tristan  d'.Acunha.  South  of  Iceland  there  are  nu  known  \x>lcanocs 
tor  a  great  distance,  until  the  Azores  arc  reached,  and  on  the  tan 
tout  of  the  Americas  are  none  at  all. 
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^V  A  subdidtary  Ml,  pariill«l  to  the  Attiiniic  band,  includes  Ihe 
volcanoes  of  cast  Africa,  ihc  Mascarcnc  and  Comores  Islands,  W- 
geiher  wilh  the  cxtinol  vcnls  of  Madafiascar  in  ihe  south  and  Ihose 
of  Armenia.  Syria  and  Arabia  in  the  north. 

Other  .'kulisidiaiy  volcanic  belts  arc  scattered  along  the  great 
equatorial  seismic  xonc  meiiiiouw!  in  Chapter  I.  Thus,  Ihc  vol- 
canoes of  southcm  Mexico  and  Central  America  have  a  general 
cast-we»I  arrai^ceinenl  and  are  in  line  with  those  ot  the  Wet 
Indies.  On  another  portion  of  the  same  zone  arc  placed  the 
Meditermnean  vents.  At  the  crossing  of  the  equatorial  and  wtii 
Pacific  zones  are  the  vokannes  of  the  Philippines  and  Jajian,  and 
those  of  Ihe  former  continue  westward  t'hrouRh  Java,  Sumatra, 
the  Nici>1>ar  and  Andaman  Islands,  In  Burniah. 

\  ver>'  striking  fact  is  the  nearness  of  most  active  volcanoes  to 
the  sea;  liy  far  Ihe  greater  number  of  vcnu  are  upon  islands, 
and  those  of  the  continents  arc,  with  a  few  exceptions,  not  far  from 
tlie  coasf..  Some  of  the  volcanoes  in  Mexico  and  Ecuador  are 
150  milr.t  from  ihe  ocean,  and  Kirun^a  in  east  Africa  is  more  than 
600  miles  from  the  sea.  .Another  relation  which  should  be  noted, 
is  that  between  the  volcanic  luaiid.t  and  the  mouniaiii-ihains,  the 
bands  running  parallel  In  or  coinciding  with  the  mountains,  as  ia 
Ihe  great  volcanoes  of  ihe  Andes.  Not  all  coast-lines  or  all  moun- 
tain chiiins  have  volcanot^  ussrx-iated  with  them,  but  where  the 
mountains  arc  near  the  seashore,  volcanoes  are  usually,  lhoui;h 
not  invariably,  found.  The  .<eat  of  vokiinic  activity  is  frequently 
shifted,  as  we  have  learned,  and  it  has  been  observed  that  this 
activity  lendi  to  die  out  of  the  older  rocks  and  to  make  iiK  appear- 
ance in  those  of  a  later  date. 

The  relatioTis  of  volcanoes  to  lines  of  fracture  and  faulting  are 
much  disputed.  .'Vs  we  shall  sec,  lava  may  foRV  its  way  to  the 
surface  independently  of  such  lines;  nevcrthelcM,  "  the  great 
majority  o(  recent  and  etrlier  eruptions  arc  connected  with  fissures 
and  zones  of  fracture  in  the  earth's  crust."    (Kayser.) 

^^^^  Volcanic  Eruptions.  —The  phenomena  displayed  bv  difTerenl 
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gFcaUy.  It  often  seems  <lifllicult  to  bdim-c  that  similar  forces  are 
involved,  and  (hat  the  divergences  are  due  merely  to  dilTerent 
rirrumslances  alleiMjing  llii:  mithruik.  A  careful  comparison,  how- 
ever, of  the  vaninj;  phenomena  brings  to  light  a  fundamental  like- 
ness in  Ihcm  all.  Some  vcni.«,  like  Stnimlmli  in  the  McdilcirancaD, 
are  in  an  almost  continual  state  of  cniptioD  of  a  quiet  kind;  others, 
like  Vciuviu.%,  have  lon^  [leritHU  of  dormaticv,  broken  liy  eruptions 
of  terrible  violence.  In  a  general  way,  it  may  be  said  ibat  the 
lun^Eer  llie  period  of  quiet,  the  more  violent  and  long-continued 
will  (he  subsequent  eniption  be,  while  weak  eruptions  and  those 
oi  short  duration  recur  at  brief  internals. 

Ax  one  extreme  of  the  varioat  form;^  of  volcanic  activity  should 
be  rcf^rdc<l  the  exfilotiiv  lypf,  in  which  little  or  no  lava  is  produced 
and,  in  some  cases,  even  the  finely  shattere<l  fragments  of  lava, 
the  so-called  volcanic  ash,  are  absent.  An  instructive  example  of 
this  kind  b  afforded  by  the  eruption  of  ihe  Japanese  volcano 
^irafie  in  18S2,  which  ci>n--usle<t  of  a  ^ingle  tremenilou.r  ex]>l(3.sion 
of  steam,  hurling  a  vast  column  of  rock  into  the  air,  but  without 
ihe  emis.'iion  of  la^'a  or  a.ihes.  Another  eruption  of  the  Siime  kind 
was  thai  of  Bandai  San,  also  a  Japanese  volcano,  in  1888;  a  single 
(crrific  sleam  explosion  blew  away  the  greater  pan  of  the  mountain, 
which  wa»  more  than  3000  feet  high,  likewi.'^  without  the  forma- 
tion of  ash  or  lava, 

The  lin.1  rccotded  eruption  of  Vesuvius,  which  occurred  in^ 
79  JkJy.  and  b  described  in  two  letters  written  to  Tadttis  by  the 
younger  Pliny,  wjis  of  the  exjiUwive  iji>e,  but  wa.n  much  more  pro- 
lonf^cd  than  those  of  the  Jaj^anese  vents  above- mentioned  and  tvns 
accampanied  by  the  production  of  immense  volumes  of  ashes  and 
larger  fragments.  In  this  frightful  ))an>x>-<m  little  or  no  molten 
lava  was  ejected,  and  m)  cn4>rmotut  wa>  the  quantity  of  ashes  thai 
at  Mtsenum,  acrxiss  the  bay  oi  N'aples,  the  sun  was  darkened,  as 
Pliny  reports, "  not  as  on  a  moonless  cloudy  night,  but  as  when  (he 
light  is  exiinguishcil  in  a  closed  riM>m  ...  In  order  not  to  be 
entered  by  (he  falling  ashes  and  crushed  by  their  weight,  it  was 
tiitca  occouT}-  to  me  and  shake  them  off."    Herrulancum  w 
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ovcr«heIinc(l  with  HootJs  of  usht*  mixed  wilh  water,  while  Pom- 
jteii  was  completely  buried  in  dn'  ashrs  and  small  fragments. 

The  expl"si\c  lyjie  of  tTuption  is  exhibiieil  in  lu.  extreme  (tirrn 
by  several  of  the  Etist  Indian  volcanoes,  and  preeminently  by  Kra- 
katoa.  the  eruinion  of  which  lu  1883  was  the  m)>st  frifihllul  ever 
recorded.  This  volcanic  island,  situated  in  the  Strait  of  Sunda, 
was  little  known,  except  that  it  had  been  in  eruption  in  16S0.    As 


Fig.  to.  — Pc>m|wil.  thowing  ■!r|iih  of  voltanic  ■ccumutHIJont,    (l^oii^iapli  lif 
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the  island  was  uninhabited,  the  earliest  slaiies  of  the  outburst  were 
not  observed,  but  <»n  May  10  a  great  cloud  of  steam  was  seen  over 
the  vent.  The  catastrophe  occurred  in  August,  when,  be.>iidei  (he 
fearful  deva-stutton  Ciiused  by  the  ilislurbances  of  the  sea  on  the 
coasts  of  Sumatra  and  Java,  the  island  itself  ivaa  almost  annihilated. 
Usrdly  one-ihini  of  iu  original  .<urface  was  left  above  water,  and 
where  formerly  was  land  are  now  depths  of  100  to  150  fathoms  of 
The  force  of  the  explosion  produced  waves  in  the  almos- 
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phcre  which  were  projuigated  around  the  whole  earth,  And  the 
fix3i  one  was  otttcn-ed  in  Ocrlin  ten  hours  after  the  explu&ion. 
The  ejcctct]  materJuk  were  all  fnigmentiirj'  and  of  an  incredible 
i-olumci  ashes  were  distributed  over  an  area  of  300,000  square' 
miles,  tile  greater  part  falling  within  a  ndiu^of  (-i(!lit  miles  around 
the  txbnd;  strclthc*  of  water  that  hod  had  an  average  depth  of 
117  feet  were  so  filled  up  as  to  be  no  lunger  navigable.  Bnor- 
ntotBi  mo-ssut  of  pumice  dnnled  tij>nn  the  sea  and  stopped  naviga- 
tioii  except  for  tl>c  most  powerful  steamers.     Even  more  remarlc- 
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fta.  n. — PrnlUn  o4  Knluuew.    tlw  fiill  ctined  linv  is  ihe  pPNcnt  umdlilon.  Ihe 
doMDd  line  Uie  i-onililiin  Iirfurc  the  mtplHifi  a(  iStj.  while  the  haiiioiiul  line 


able  is  ihc  fart  that  the  finest  dtmt,  which  was  hurled  Into  the 
ii)i[irr  •it[no:^]>hcTe,  remained  suspended  in  the  air  for  many 
nrjDlhs  and  was  gradually  diffuse*!  orer  the  world.  The  wonder- 
ful, Aaming-ml  stiit<«t»  which  characterised  the  autumn  and 
winter  of  18S3-1&84.  have  been  vcrj-  (■cncraJly  asrribcd  to  the 
Rfrsclt^-c  dttets  a{  tile  im|X)l|KitJy  fine  Knikaloa  du^l. 

Tbise  tremendous  explosions,  e^'en  when  they  do  not  tear  out 
one  whole  nUlc  uf  the  mountain  as  in  the  ca.ie  of  Knikatoa,  may 
Umr  off  the  top  and  thus  leatT  a  great  crater  ring  nuny  miles  in 
ciiTUmferenre,  within  whtcli  stib»oqiient  eruptions  may  build  up 
a  ocw  cone.  H'hen  the  volcanic  acti^ily  dies  out.  the  ring  may  be 
ttUed  with  ifaler.  forming  a  circular  lake.  Crater  Hnpi  may  abo 
be  formed  in  annlhrr  way,  illustrated  by  Crater  I^kc  in  Oregiim. 
The  glacial  markings  on  the  outer  Mile  of  ilie  mountain  prove  thai 
the  biter  mtii't  once  have  been  much  higher  than  at  present. 
Dn  tlic  other  hand,  tlic  surrounding  country'  displays  no  such 
quantity  n(  fragments  il^  would  ha^'e  been  formed,  hod  the  top 
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l>een  hlown  oft  hy  an  explosion.  Id  Ihiit  case,  Ihc  upper  porli<>n 
of  the  cone  was  probHblj-  vngulfcd  in  tlip  crater  and  perhaps 
remclled. 

ITie  j-car  itjoi  was  made  memorable  by  a  scries  o(  excessively 
violcni  cxpiosivc  eruptions,  in  some  instances  accompanietj  by 
trighilul  (lesiruttiun  .inil  low  ii(  life,  in  Centml  America  and  the 
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FlC  la.  —  Ciilci  Liki.',  I'l^'Eon.    Tbr  small  islind  i>  a  cone  of  ctupliaa,  buili  ap 
lita  Ihc  fonnallMi  of  Ihe  cnlcr  riag 


Lesser  Antilles.  In  Nicaragua  there  was  an  unimportant  eruption 
nfMa5.iy:i(June  35),  and  Isalco  in  Salviidor,  aftera  pause  o(  more 
than  a  year,  began  crupiinR  on  May  10,  but  this  eruption  was  not 
of  the  explosive  i>-])e  and  produced  ittrcams  of  lava.  Far  more 
vinlml  was  Ihe  outbreak  of  Santa  Maria  in  Guatemala,  a  volcano 
which  had  been  regarded  as  extinct.    Theeruplion-i  begitn  October 
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34  and  were  repeated,  with  diminbhing  cnerg>',  for  more  than  a  year, 
and  were  acciHnjianwd  by  an  incrediUic  quantity  of  ashes,  which 
ccn-eral  several  huodrcd  thousEnid  st]iiare  mile^  nnd,  for  a  long 
disEance  around  the  vent,  de.stro>'ed  a  great  amount  of  property. 


ho  11  —  Oar««  «">  ^''^  ilccptiltj  hy  uh  tioni  Ij  S(iu(ri(-ie,  Si.  Vinccnl,«upIlon 
rtNOO.     (E-  O.  Hovpy.  wuilay  of  t!ie  A<i>ctitAii  Muvum  o(  N»l4ir.tl  Hlnoiyl 


The  ialandft  of  St.  Vinc«nl  and  Martinique  in  the  Lesser  Antilles 
ym  dersBiatcd  by  »  series  uf  fearful  and  nearly  .^iniuliancous 
tR^Mian*,  whith  in  certain  imporlant  rtspcds  differ  fron)  those 
t/uiv  other  known  volcanoes.  The  volcano  of  St.  Vincent,  known 
m  l^  Stiufritrc  (the  Ufil  violent  eruption  of  which  bad  been  in 
i8i>),  begui  lu  ftliow  ugn.<i  of  activity  in  February,  1901,  by  a 
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succession  i>(  Kirthqtiake*,  vrliich  were  repealed,  with  longer  c 
shoncr  imcrvals.  unlil  April,  1903,  in  the  latter  part  of  which  the 
incr«i«d  in  numtjer  and  violence.  The  uriual  outbreak  bcga 
on  Ma}'  6,  1902,  in  a  strics  of  ircnicndous  sicani  explosions;  May 


the  miption  became  continiiou.'t  and  on  ihe  same  fla'  -^^  t 

driMiKul,  dev-cnding  "  hot  blasi,"  a  cloud  of  juper.. 
ad  other  gases,  mingled  with  redhoi  panicles  of  ash,  which  tusb^ 
n  Ihc  mountain  and  destroyed  1400  human  lives.    The 
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dons,  whkh  vcre  rcpcali-d  at  varying  intcrvab  and  with  diffcrcnl 
degrees  of  virtlence  for  consideraWy  more  than  a  year,  were 
tfaanictcrized  by  the  absence  of  lava  and  by  the  vast  quantity  of 
finely  divkled  a.sh  cycled  by  (he  explosions. 

The  eruptions  o(  Mont  I'elA:  in  Martinique  were  actually  less 
liolcnt,  hut  far  more  dcsinicliw  to  life  than  those  uf  St,  Vincent. 
Tbc  prenous  out  breaks  of  Mont  Pclfcn-iihin  historic  timcshad  been 
thoM  ot  1793  and  1S51,  both  of  which  occurred  with  the  same 
saddennrss  as  the  nwfid  r.tl.LMrophc  of  igoa.  In  the  biter  war 
iJil^t  earthquakes  were  noted  on  April  li,  and  on  the  asth  a  heavy 
duud  t>f  "  smoke  "  apiMjared  over  llie  volcano.  On  May  a  the 
ejecUijiis  of  ash  became  header  and  more  frequent,  increasing 
ntn  the  8th,  when  a  descending  cloud  of  hut  va|K>urs  and  )(luwing 
ub  swept  with  terrible  velocity  down  the  ravine  of  the  Rivitrc 
Bkndic  upon  tlic  city  of  St.  t*icrTe,  which,  together  with  its  .30,000 
toliafiitaiils,  wa»  !ii>UniIy  annihilate*!.  The  ^lelocity  of  the  air 
■1  in  motion  by  the  descending  cloud  was  sufBciently  great  to 
htl  from  iti  ifCflestal  iJie  great  iron  statue  of  Nuire  Dame  tie  la 
weighing  several  Ions,  to  a  distance  of  more  than  40  feet. 
,t  I'l;!^  liad  a  long  succesion  of  subsequent  eru[>tionn  of 
rtlcnce,  especially  on  May  19,  jo,  and  35,  June  6,  July  g 
,ust  J5,  18,  and  ,30,  September  .j.  1901;  January  2$, 
.-6,  Septemljer  13  am)  16,  1 4031  the  hint  hardly  less  violent 
r   first  tcrriWe  outbreak  of  May  8,  1901, 

descending   ^loud.t  which  let«l  siich  an  c.icqrtional 

to  the  eruptions  of  St.  \'inccnt  and  Martinique,  but  Mont 

displayed  cerliiin  other  peculiar  phenomena.    While 

streams  were  produced,  very  stiff  and  viscous  lava  ap- 

il  ibe  oununit,  &Uii>g  up  the  old  crater  and  forming  a  rteep 

>roug  I  which  proinidcd  a  lofty  obelisk  or  spine,  which, 

s^  up  fn  I)  l>clow,  grew  irreguUrly  in  height,  as  it  cmlinually 

raab  >y  staling  off  of  the  lop  and  ^idcs;  eventually  it  fell 

^ujitiiins  of  lite  explosive  kin<l,  a  few  typical  examples 
!  vliich  ore  dcMrribed  above,  the  active  agency  is  obviously 


exploding  masses  of  intensely  henied  and  compressed  steam,  .inH 
all  such  eruptions  are  accompanied  by  jrignntic  si  earn -clouds, 
which,  torulensing  in  ihc  atmosphere,  fall  in  rains  of  lorrential 
volume  and  violence  The  hot  water  thus  produced  mingles  with 
the  volcanic  ash  in  the  air  and  on  the  ground,  forming  streams  of 
hot  mud,  which  arc  often  more  deslrudivc  than  the  lava  flows 
themseli-es.  When  cold,  the  mud  sets  into  quite  a  &rm  roclc, 
called /u/T- 


► 


Fig.  iS'^Criici-tlooi  ot  Kiifluta.  ihouing  iht  lava  lilit,  Hilc-mjm-mau,    (Ph». 
lograph  by  Libbe)>) 

The  opposite  cstrcme  of  volcanic  activity  from  the  exptosivf"* 
type  is  to  be  found  in  the  volcanoes  of  the  Sandwich  Lslands, 
such  as  Mauna  Loa  and  Kilauea.  Here  the  eruptions  are  usually 
not  heralded  by  earthquakes;  the  lava  is  remarkably  fluid  and 
simply  wells  up  over  the  sides  of  the  crater,  pouring  <lown  the  sides 
of  the  mountain  in  streams  which  flow  for  many  miles.  More 
common]}-  Ihe  waih  uf  the  iTaier  are  unable  lo  willtstand  llie  eaor^ 
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mous  pnssuTC  o(  the  lava  cxJumn,  and  the  molten  m^iss  breaks 
itmm^th  ai  »ome  )e^'el  below  ihe  cralcr,  n'hinK  ihruuKb  the  ll.'auFe 
in  giant  fountains,  sometimes  tooo  feet  high.  Even  in  the  ordl- 
tary  adiniy  of  fUtauca  jets  of  30  and  40  (ect  in  beigtbt  arc  thrown 
np.  Hardly  any  axlics  or  other  fragmeiitul  pnxluds  arc  formed; 
and  thot^h  ibe  clouds  of  steam,  the  invariable  accom[>aiiimeiiu 
of  volcanic  (Hitbur^ts,  nre  |>re»en1,  yet  the  qtuntity  of  steam  is  rcla- 
invly  leu  than  to  those  volcanoes  in  which  c.\ploiions  occur. 

Bctwem  such  extremr;*  as  the  H.-iwaiian  volcanoes  on  the  one 
haod,  and  ibc  explosive  East  Indian  tj-pc  (Krakatoa).  on  the 
other,  we  inay  t'lnd  every  tnterrnedi.-ile  gradation.  The  com- 
[larativcly  Kentk  operations  of  iitromboli,  one  of  ihc  Lipari  Islands, 
onftfawest  of  Sicily,  give  an  op[K>rtunily  10  observe  directly  tlie 
eneatta]  phenomena  of  a  volcanir  miption.  Though  occasionally 
bnalcIiiR  out  with  violence,  Stromboli  ha^  t>ccn  in  a  stale  of  almost 
anttouous  actirity  for  more  than  1000  yean,  and  is,  for  Ions' 
pMnda,  to  such  exact  equilibrium,  that  barometric  changes  have 
•  DBuiccd  cfTecl  u[ion  lU  arlivily  and  the  Mediterranean  j^tilors 
make  use  of  it  as  a  weather  »gnal. 

Thr  rraicr-flouf  is  furmed  by  harc)ene<]  bva,  the  cr.icks  in 
wtiich  gioiv  at  night  from  the  heat  of  the  molten  mass  below,  and 
winch  b  perforated  by  various  o))cnin}i?i.  From  ■lome  of  these 
jtam  b  pvcn  out.  from  others  molten  lava  wcUs  up  occasionally. 
la  opCtiingipt  of  a  iblnl  cla.'o  the  tava  may  be  seen  ri.ttng  and  sink- 
iojt,  undl  a  great  bubble  forms  on  its  surface  and  bursts  with  a 
bod  mar,  scalierinK  the  hardened  lava,  scum  about  the  cruier  in 
bagtncnts  of  ^'a^ious  sizes,  s'>ine  ver)'  line,  others  conrse.  'Ihe 
bubble  is  of  steam,  and  when  set  free,  the  steam  globule  rises  to 
^tn  ibc  ctoud  which  alwavs  overhang  the  mountain.  The 
bursting  of  the  bubble  is  followed  by  a  rush  of  steam  throuKli 
the  msK  of  Ihe  lava,  (he  pressure  it  relieved,  an<f  the  lava  column 
Miks  down  out  of  si^t,  until  the  steam  pressure  again  accumu- 
ktes  aod  the  pcrformincc  is  repeated. 

Rvidenlly,  one  active  agent  in  these  phenomena  is  imprisoned 
noun  in  its  stiuggles  to  ecape.     DiiTereni  a»  are  the  munifeKta- 
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lions  al  other  volcanoes,  steam  is  nn  impoitanl  cause o(  the  erup- 
tion in  alt  cii.i(»,  though  ihc  conditions  under  which  it  acts  vary 
widely.     Little  or  no  combustion  is  invulveit,  and  that  nut  as  a 
tatwe,  but  as  an  effect  o{  the  acti\1ty. 
In  the  modern  eruption:^  of  Vesuvius  essentially  the  same  phc- 


ift,  —  Cr»lt-t  of  Vf-uviui  iti  moilcrjilr  cnijition 


nomena  may  he  oliservwl,  but  on  a  far  grander  and  more  terrilJc 
scale  Karthquakcs  usually  announce  the  coming  eruption,  in- 
creasing in  force  until  the  dulbreak  occurs.  Terrific  explosions 
blow  out  frngmcnts  of  all  sixes,  from  great  blocks  to  the  finest  and 
most  impalpiitile  dusl.  The  finer  fragments  arise  chiefly  from  the 
scattering  of  the  partly  hardened  bva  by  the  furce  of  the  explo- 
sion, but  in  part  aiso  fmm  the  crashing  together  of  the  blocks  as 
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C)'  rise  and  fall  ifarou^  ihc  air.  Inconceix-abic  qiuntiti»  of 
nemm  ±n  given  ufi  uiih  i  luud  mur,  wlikh  h  awe-insjiirinK  in  iu 
great  and  steady  \-otuine.  The  condcnfalion  of  !>uch  nu»cs  of 
i-a[xiur  pruduce  torrents  of  ruin,  which,  min^iini;  with  Ihc 
"2shi.-»  "  and  diuit,  giccs  rise  (o  .«lrvanu  of  hot  mud  that  flow  for 
lonp  dblunc».  Great  iloods  of  mohcri  rotk,  or  lava,  tsauc  from  the 
enter,  or  burst  their  wjiy  through  ih<;  wiills  of  the  cone,  and  pour 
dowD  lite  mnunlain  side,  until  they  |:riid ti.i I! y  stiffen  hy  roohng. 

During  historic  times  Vesuvius  has  had  long  periods  of  dormancy 
and  tbe  violence  of  the  subsequent  outbreak  h:ts  lieci),  in  a  lienenil 
way,  pmponinnate  to  the  length  of  the  dnrm^int  ])erio<I,  though 
one  of  the  most  ootabte  eruptions,  that  of  igo6,  occurred  after 
qnhe  a  shun  periotl  of  rest.  With  (he  exi-ejiiton  of  a  moderate 
oaitircak  in  1500,  the  mountain  was  quiet  between  ii,)()and  1631; 
one  of  the  itiree  most  violent  reconled  eruptions  took  place  in  the 
Utter  rear. 

Radii-ally  different  as  the  various  Ij^iest  of  volcanic  activity 
■ppcar  ta  be,  the>-  are  all  connected  together  in  one  continuous 
aeiKs.  la  all  cases,  Mcam  of  very  high  temperature  and  umler 
OKirmous  pmKUm  is  an  iin]K>r1an('  a^nt,  while  the  differing 
r-  '  '■  due  to  varying  degrees  of  pressure,  quantity  of  impri^- 
111.  .  11,  amouni  of  cesi.itance  to  be  oveniune,  the  char;icler  of 

the  lava,  and  simiLir  factors.  The  intermediate,  or  Vcsuvian,  Ij-pc 
of  rrupliun  i%  the  rao*t  fm)uent. 

SalMiutriiM  Vokanoc*.  -  -  Several  instances  of  submarine  erup- 
tfain»  have  been  actually  ob«erved,  and  there  i:*  much  reaiton  to 
betine  that  the  number  of  vents  on  the  occanHoor  b  ver>-  large. 
X'olcanir  ii^bnds  are  roerdy  euhmarine  volcanoes  wliich  have  built 
their  cuocs  aiw\-e  ica-lev<el  and  tliesc  represent  a  great  proportion 
of  the  vents  itow  qcIivc,  The  durabth'ty  of  i»lca»ic  l.tlaiids  tie* 
pcfub  upon  the  material"  of  M'hicli  they  are  coastnicted.  Cones 
btiOl  of  loose  masses,  or  of  ash  ai>d  tuff,  are  speedily  <lcstmyed 
bf  the  Ma  when  ihe  arlivily  ce-.t.ses.  an<t  cut  <lown  into  reefs  and 
i&oah,  while  masses  of  solidified  lava  resist  dcstTw:tton  for  very 
long  periods. 


VOLCANOES 


Pfow  Volcanoes.  —  During  hialoric  times  it  connideriibli-  number 
(if  nfiv  «il(.;ificic-i  have  btrn  formed,  botli  on  land  and  in  [he  bed  of 
ihe  sea,  the  laiter  rcsuliing  in  Oic  binh  of  new  islands.  .Vide 
from  cierlaiii  newly  formed  volcunors,  the  origin  of  which  lias  been 
recorded  by  ancient  writers  of  Greece,  Rome,  and  Japan,  a  few 
more  modern  instances  may  Ijc  riteil. 

Near  Poxzuoti  is  a  hill  called  Monte  Nuovo,  440  feet  high, 
which  is  hardly  distinguishable  from  the  other  low  volcanic  cones 


Km.  17.  —  Monic  Niiuvij,  fici]   lij.'jiid  j.   Kirmpd  In  15)8 

among  which  it  stands,  and  which  are  mentioned  by  »ev«ral 
dasttiea]  writer*.  Monte  Nuovo  was  formed  by  an  eruption  which 
broke  out  September  so,  1538,  the  ground  swelling  up  and  bursting, 
Iea\inK  a  fis-iurc.  which  disclosed  Allowing  lava,  and  which  ejected 
great  masses  of  block*,  sand,  and  ash.  The  activity  lasted  for  a 
week  and  has  not  since  been  repeated. 
Jorullo,  inMo-vico,  was  formed  in  1750,  the  eruptions  continuing 
se\'erat  yxars  and  then  djing  out.     Immense  quantities  uf 
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ltt«  flowed  forth  and  sevenil  "  cinder  cones  "  were  built  up,  one 
ol  w-biirh  is  1500  feet  high.  Isaico,  a  volcano  on  the  west  coast  of 
Central  America,  north  of  the  city  of  San  Sahador,  vmx  I'imi  formed 
in  1770,  and  has  been  in  almost  uninterrupted  actinty  ever  since, 
sometimes  with  great  violence.  A  cone  of  more  than  2000  feet 
in  heiebt  has  been  built  up.  In  1831  3  ncn*  ijJand  .ipprarcd  oS 
ibc  southwest  coast  of  Sicily,  where  prctious  soundings  bad 


L 


FlO.  1^-  —  Anuiticr  new  o(  Ibe  oaKi-Door  uid  hoJIi  til  KiIiuim.     {V.  S.  G.  S.) 

tbowa  a  depth  of  100  fathoms,  and  in  the  course  of  a  few  weeks 
girw  la  a  he>)(bt  uf  300  feet  a)>o\-e  the  sea  and  a  dUmeier  of  a  mile 
U  ses-JnTl.  The  activity  mon  ceased  and  the  island,  composed 
of  kiu«c  tnaterbils,  was  swept  away  by  the  sea. 

Id  theOrcekar('hi[)ehgi>t!ie(tn)Up()f  islands  known  asSanlorin 
hu  been  Ibe  scene  of  repealed  operations  for  more  than  2000  )'caTs. 
The  outer  islamU  are  evidently  fragments  of  an  old  crater  ring. 
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within  which  urc  xeti'eral  Knuill  islands,  which  were  formed  in 
186  n.c.,  1573,  :707,  and  1866,  respectively, 

Fiii.illy  may  be  mentiimed  an  t»pe<'i3lly  interesting  group  n{ 
three  ne^v  islands,  the  Uoguslofs,  north  of  the  line  of  the  Aleutian 
isliind.*,  Alaska.  The  find  of  the  i,'slan<l»,  Old  lioguslof,  was  formed 
by  a  submarine  eruption  in  1  ;g6,  which  was  observed  by  a  Russian 
tnider.  New  llogitslof  was  formed  in  rSS^  iinii  was  first  seen  in 
September  of  that  year,  but  the  exact  date  of  origin  is  not  known. 
A  Ihiril  and  very  Inrge  inland,  com{Hiset]  of  jajjued  la»-a,  was  seen 
between  the  older  ones  on  May  iS,  1006.  "  giving  off  clouds  of 
Steam  and  smoke  fnim  any  number  of  little  craters  scattered  all 
over  ii."    (C.  H.  Gilbert.) 


CHAPTF.R    m 

VOLCAITOBS  (CODL)— IHTERIfAL  COrrSTITUTIOn  OF  THE 

EARTH 

Volc&nlc  Products-  —  Tlw^  form  ihe  most  imporiant  part  of  the 
subject  tram  the  geulugical  poiiil  of  view,  because  i)i«y  conlribule 


vlwn  cooing,     (Ittoiog^a^jj  i<i   L. 


Ili<  liigl'iji  liuicl  lava. 


tu^y  to  the  perauiH-nl  mniemls  of  the  earth's  cntst.  We  meet 
uriiti  «uch  mstcriak  of  all  Eeotogical  ajtes,  somctimeii  developed  on 
B  nut  scale.    The  Mu'ly  of  t'olainic  products  is  the  key  vhkh 
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tnabl«s  UB  to  comprehend  the  great  group  of  rocks  which  arc 
called  igneous,  though,  as  wc  shall  see  later,  by  no  means  al!  of 
these  were  poured  out  on  (he  iitirfarv  of  ihe  gmund. 

Volcanic  products  arc  of  ihice  kinds:    (i)  lava,  or  molten 
rockt    (3)  /ragiKenlal  muUrial,  including  blocks,  la|)illi,  bombs, 


the  Ro-callei]  volcanic  ashes,  cinders,  and  tlic  like;   (3]  gases  and 

vapttun. 

(i)  Lava.  — A  b\'a  is  a  more  or  l«»s  completely  melted  rock; 

ihc  degree  of  fluidity  varies  greatly  in  differenl  lavas,  but  is  rarely, 

if  ever,  perfect.  Instead  of  being  a  true  liquid,  a  lava  ordinarily 
insists  of  larger  and  amallcr  cnstal^,  embedded  in  a  pa^ty  mai^, 
hich  i^  saturated  with  sleam  ;ind  gases.    The  degree  of  fluidity 
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dq>cnds  upon  B<»-CTal  factors,  the  most  obvious  of  which  i»  lerapen- 
lure;  Ihe  more  highly  heated  ihe  nia.«s  U,  the  more  |)erfccil)'  will 
it  be  mdted-  The  qunntity  of  impri.conct!  gases  ftnd  vapouis 
pRsent  has  also  an  imporUini  efT«ct,  and  M>mL'  bvas  appear  to  owe 
DcarijT  all  tftfir  iDobility  to  these  vapours.  A  third  and  most  sig- 
nlficaiU  factor  h  the  chemii-iil  com|Hi^itir>n.  Those  lavas  which 
coDlain  high  pctceniages  of  silica  (SiOJ,  the  acid  Irnvs,  arc  much 
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I,_ftuntr1  tninr.  Ariionii      An  n-itu  i  <iiJ<  -nr,,  wiih  tcariamoiu  block-Uvji  la 
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kn  nwdDy  fusible  than  (he  haiir  lavas,  in  which  the  percentage  of 
■Xai  is  lower.  The  dtfTerence  in  the  proportion  of  silica  present 
k  anodatcd  with  other  chemical  dilT<-n-nce»  which  have  a  similar 
cdect  U|)on  fu-iibitily,  the  basic  kin<l^  having  much  more  lime, 
iMgMsia  and  tmn  in  them,  which  art  as  fluxes. 

The  ejcperiments  of  Barus  on  the  fusibility  of  lavas,  which  he 
(Bvidcs  into  ihrre  gmups,  re»ullc«I  as  follows:  (i)  Certain  la^-as 
hiae  raidily  (1150"  F.);   these  arc  of  basic  composition  and  are 
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r»atlcu{>of  time-soda  felspars,  the  auRilic  and  allied  fcrro- magnesia n 
minerals,  and  iron  ox\tic,  but  rarely  liavc  quartz,  (j)  A  se<nnd 
Rfoup  is  of  medium  fusibility  (1520°  F.),  and  is  made  up  of  limc- 
S(h]a  felspars,  aujj^itii;  nr  lioniblencie  mineraU,  aixl  (reiiuenlly 
quartz,  (i}Thc  third  scries  melts  with  difficulty  {2700"  F.)«!^'"l 
i.nins  pasty  III  even  3100"  F.  Thtseare  atid  liiv.is,  and  arc  n>in- 
.cd  of  potash  felspum,  with  qiiarli;.  honibk-ndc,  or  mica.     Lavas 
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(Phoiu|[n|)1i  Iiy  IJbbcjr} 

which,  like  tho.>ie  of  the  Sandwich  Lilands,  arc  nolably  fluid,  are 
aJwav-s  of  Imsic  composititm. 

When  a  lava  stream  reaches  the  surface  of  the  RTOund,  the  im- 
prisoned vapours  immftliately  begin  to  esi;a[>e  and  the  surface 
of  the  molten  mass  10  tool  and  harden.  The  surface  layer*  are 
blown  by  ihc  sleam  bubbles  int(i  a  light,  froihy  or  slaggy  consist- 
ency, forming  "  scoria  "  or  cindery  masses.  The  motion  of  the 
,va  breaks  up  this  ihin  crust  into  loose  slabs  and  blocks,  and  on 
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le  advaDcing  front  of  ihc  stream  these  loose  masses  mttk  down 
nr  ooc  aDother  in  tlie  vrildesl  coiifuMon.  The  less  perfectly 
Bed  Uvas  aic  soon  covered  with  heapcd-up  cinden'  blocks,  while 
te  more  coropleid)'  fluid  lavas  are  characterized  I>y  <-iiri<)U£ly 
rfeted,  npy  surfaces,  siK'h  us  may  be  observed  in  the  slag  from  an 
aa  furnace. 
The  front  tif  a  lara  stream  advances,  not  by  gliding  o\Tr  the 


ILaj.  ~  L^n  SUImlll'-i  riii  :1  iMlai;Tii>'n  in  l.ivaiunwl,  KlIaUM.     (PtlOtOgntflll 
^m  >•>  Ubiicy) 

mind,  but  by  roltitix-  the  bottom  I>ctng  retarded  by  the  friction 
the  ground  and  1h<-  lop  moving  fiiMrr,  mi  llut  it  is  continually 
JEng  down  at  the  cuncd  front  end  and  forming  ihc  bottom. 
bus,  the  MY>riie,  ih(>u>:h  fi>rmed  mostly  on  lh«  top  of  the  streanit 
re  niUed  beneath  it,  and  the  whole  is  enclosed  in  a  cindeiy* 
ivchipe.  Or  the  flow  m;iy  be  checked  by  the  mass  of  cinders, 
DlQ  the  fluid  Iava  bursts  tliroi^h  them  in  a  freih  stream.    Tlic 
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acoriaccous  mass  is  a,  non-conductor  of  heat,  and  greatly  retard* 
the  cxxtlin);  of  th*;  interior  miLis,  wbicli  may  rcm.-iin  hoi  for  many 
years.  The  arched  surface  of  cindcry  blocks  may  become  self- 
supporting,  und  ibcn  the  «till  Duid  mnis  will  flow  itwiiy  from 
beneath  it,  leaving  long  tunnels  or  caverns.  These  lunncis  are 
es])eiri;illy  well  shown  in  Iceland  and  the  Sandwich  Ulancis. 

The  dislani*<c  to  which  lava  streams  extend  and  the  rapidity 
with  which  ihcy  move  are  determined  t>y  the  abundance  and 
fluidity  of  the  lavn  and  the  slope  over  which  it  flows.  Some  lavas 
arc  .so  liquid  that  they  flow  for  man)'  miles,  even  down  modersiie 
slopes,  while  othen^  are  so  pasty  that  Ihcy  slifTen  and  set  within  a 
short  distance  of  the  vent,  c\'cn  on  steep  grades.  Ordinarily  the 
motion  soon  becomes  very  slow,  though  thonmghly  melted  masses 
pouring  down  steep  siojies  ma\',  for  a  short  lime,  move  very  swiftly. 
One  of  the  lava  flixxl.i  from  Mnuna  T^ia  mnvrtl  fifteen  miles  in 
two  hours,  and  for  shorter  distances  much  higher  rates  of  speed 
have  been  ob.icrved;  but  this  'm  very  exceptional. 

'i'he  cooliiii:  of  the  surfaces  of  the  lava  stream  lakes  place  rap- 
idly, while  the  interior  eool.i  but  .Jowly,  and  sreal  thickne<»n 
require  very  long  periods  of  time  to  become  entirely  cold.  The 
differences  in  the  rate  of  cfjoling  produce  very  strongly  marketl 
varieties  in  the  .ipiminince  and  texture  of  the  resulting  rock.  The 
portions  which  have  chilled  and  solidified  very  quickly  ate  glassy 
and  form  the  volcanic  glass,  ohsidiitn.  If  the  .swiftly  cooling  por- 
tions have  been  much  disturbed  by  the  bubbles  of  steam  and 
vajiours,  they  are  made  light  and  frolhy;  in  some  cases,  as  In 
pumice,  they  will  float  upon  water.  Otherwise,  the  glass  is  solid 
and  is  usually  very  dark  in  colour,  resembling  an  inferior  bottle 
glass  En  appearance.  Microscopic  examination  shows  mintite, 
hairlikc  bodies  in  the  glass,  which  are  niUecl  cryslaiiUes,  and 
represent  the  incipient  stages  of  crystallization. 

Passing  inward  from  the  surface  of  the  lava  stream,  we  find 
ihe  »team  bubbles  becoming  rarer,  until  ihey  cease  altogether,  the 
vapours  having  esc^]>ed  while  the  lava  was  still  so  solt  that  Ihe 
bubble  holes  soon  collapsed.    At  the  same  time  Ihe  glassy  texture 
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of  the  rock  is  replaced  b/  a  stony  character,  which  the  microscope 
shoiws  to  be  due  lo  the  (orniation  oE  crystals  too  minute  to  be 
reeogDtzed  by  ihe  unaided  eye.  SliU  ilt-ejier  in  the  rock  the  $lon)^ 
texture  posses  gradunUy  into  an  obviou^^y  crystaitioc  one;  and  the 

ijJovrcr  tbc  coolinf;,  the  larger  will  the«c  crysiulM  be,  [hough  in  littm 
streams  which  havr  cuolt-d  on  the  surface  of  the  ground,  the  whole 
ouas,  even  of  the  dcei>cr  i>art.*.  is  never  caimely  <T>-Ntalline. 
1 


Fic.  >4~  — A  land  tpfttmcn  atotaidan.  thoainn  the  e^oMj  liu'tv  and  ftaclurs 

IjxTfe  cryvtals  are,  il  is  true,  very  often  found  in  lavas,  but  these 
were  formed  before  the  ejection  of  the  miua  from  the  volcanot 
Such  cr)-Htab  frequently  <i>ntain  enclosures  irf  glass,  which  indi- 
cate that  tbc  o^-slaljization  went  on  while  the  surrounding  mass 
wu  tini  fluid.  The  edge»  and  an8;ln  of  ihesc  crysUls  are  often 
cacTodcd  by  the  action  of  the  melted  portion  of  the  la^'a.and  the 
motkm  (if  tbc  stream  often  crat  bi  tlicni.  The»e  facts  gu  lo  prxn'e 
thai  the  brge  crjfstak  were  complete  when  the  lava,  as  a  whole, 
■  giSU  fiuid  and  in  motion.    StromboU  ejecLs  great  numbers  of 
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perfect  crystals  o(  aggite,  which  must  hiivc  exisietl  in  the  molten 
lava  of  the  vent.  Tlic  lavas  which  contain  large  crj-stals  cmbcdcicd 
in  a  fiHi;  >lony  or  glassy  \>a>e  are  siiid  In  lie  of  n  porphyriltc  IrxUtrr. 

Jl  is  impurtaui  to  remember  that  all  these  various  textures  may 
lie  found  in  one  continuous  rock  laMsf,,  am)  bear  witiiesit  to  the 
circumslances  under  which  each  part  cooled  and  solidified.  These 
texliire:<  also  ret  iir  again  iiiid  again  in  um  ient  ruolo  and  enable  u$ 
to  determine  their  volcanic  origin.  Tiic  processes  of  rock  destruc- 
tion and  removal  liave  in  niany  cases  laid  hare  deepsealed  m.iHse» 
which  wetx-  plainly  once  melted  like  true  lavas,  hut  which  have 
cooled  very  sJowly  and  under  great  pressures.  In  Mich  rocks  the 
texture  is  usually  coarsely  crvstallinc  and  shows  nolraces  of  glass 
or  scoriae.  Between  the  surface  lava  flows  and  such  deep-seated 
reservoirs  every  form  of  iranMiiion  may  he  traced,  often  m  con- 
tinuous rock  maases. 

Where  sevenil  successive  lava  flows  issue  from  one  vent,  at  in- 
tcrvab  which  allow  one  stream  to  be  consolidaie<l  before  the  next 
is  poured  oul  over  il.  a  routt;h  be<lding  or  .stntitic^lion  results, 
each  llow  being  perfectly  distinguishable  when  seen  in  section. 
Deceptive  resem!>lan(e.s  |o  the  true  stratification  of  sedimenUry 
rocks  may  thus  arise,  especially  when  the  exposed  settii>n  is  short. 
But  the  weiiKe  like  form  of  the  sheets,  the  absence  of  lietldinj; 
within  the  limits  of  each  flow,  and  the  nature  of  (he  mck  ilsclf, 
always  enable  us  lo.dislinKuiHh  these  masjcs  from  the  sediments 
which  have  been  slnitificfl  by  the  s<)rtin^  power  ii(  water. 

.\  mas.s  of  lava,  when  il  cools  and  solidifies,  necessarily  contracts, 
and  since  the  cohesion  of  the  ma.<s  is  insuflicienl  to  allow  il  to 
ctmtract  as  a  whole,  it  must  crack  into  blocks,  separated  by 
fine  crevices,  which  arc  railed  joinh.  The  mulual  rel.itioiis  of 
the  jointing  planes,  and  the  conse<|Ucnt  shape  of  the  blocks,  ar« 
determined  largely  by  the  itrain  of  the  lava  and  its  degree  o( 
homogeneity.  In  fine- grained  (and  some  coarse-grained) 
homogeneous  laviis  the  jointing  is  apt  to  lie  very  regul.tr,  and  to 
^vc  rise  to  prismtatic  or  columnar  blocks,  which  are  usually  liex- 
Agonal.    This  shai>e  is  due  to  the  fact  ilial  the  formation  of  hexa- 
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RODS  requires  less  expenditure  of  work  than  other  %urcs.  and  w 
produced  by  the  inlenkMiion  o(  Ky»lein.t  of  three  cracks,  mdinting 
from  equidistant  points  at  angles  of  ijo°.  The  long  axes  of  the 
prtuftt  are  at  rifcht  aii;(l«»  to  tlie  cooling  surface.  Starch  and 
brc-clay,  which  shrink  on  dij'ing,  joint  in  the  same  way.  The 
cuonKf  and  more  helerogeneotK  tavas  usually  break  up  into  blocks 
of  irretfolar  size  and  shape. 


fK.*i.-^:-'     -■■■■■  ■■■■■-     ''■■■■■■■     '  '--.;    - ..■■.■..:......   .;.y*- 

U  fDOSl  not  t>e  inferred  that  llie  joints  of  nil  rock$  nn  due  to 
dmnkage  on  coolinp.  It  will  Ije  f.\v>vtn  in  a  subsetiuenl  chapter 
(hat  Kucti  is  ^-ery  far  from  being  ihe  case. 

Nut  all  the  lam  prudwetl  in  and  around  a  volcanic  vent  can  I 

reaiJi  the  surface.    Some  of  it  nwy  Iw  forced  horizonlally  be-  I 

tweei)  Ibc  beds  of  Ihe  »urroundiii]|;  rocks,  thus  forming  intrusive         I 
ihetit,  wbi(b,  Kfaen  expoood  in  KCilion,  may  l>e  readily  distin-         I 
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guishwl  from  surface  flows  by  the  fact  that  ihej'  have  consolidnted 
under  pressure,  and  hence  have  no  sUg  or  scoriic  associated  with 


* 
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Otho-  porbow  of  Ihr  Un  wfll  fiO  up  rtniad 

ia  iW  TCkanie  rase  or  b  the  laawtyfag  nclu,  and,  uliiSfjrim 

■noK  bnn  dyktt.    Sodi  a  teure.  iwtiv*  nOM  la 

Med  vith  oobca  kn,  »u  olMcrvrd  liy  Sir  Chuin 

ia  ibc  adubbaariMdd  of  y£taa.    In  the  ipat  enycfaw  fl( 

Jokal  (tiihnil)  in  tySj  hn  ww  pound  ool  at  ar««al 

ifaac  I  Hat  Me  handnd  laOo  loaJt,  and  doubdot  thn 

tmt  Unfilled  fiMtan  whirh  niainBdated  Eaio  ■  djte. 

tboft  Mr  thai  Ibr  Botes  naiaca  majr  aol  afl  wvQ  up  (knach 

of  a  nfcmno,  boi  wfll  trrii  «icraa  aVMS  0»e  Hot  of 

;  (dtemrr  UmI  hipyrm  tt>  br,  faccachiaK  Uic  waJb 

•f  *e  vnlnnc  ruar,  riuac  flp  ihrouKii  mtkaJ  tmtrai,  or  farc- 

Tc  tbnf  *a*  a«  iatnvffc  aham  brtireto  At  bnk  nf  pfttriniag 

la  ibsc  TariTKat  Miiutiotu  thr  rfiflctvat  rate  of  moioit 

If   iwciki  ot  rodu.   tbttigb  ibc  orifiaal  nnkcn 

^v  ^r  ban  bam  aaaif  or  quilt'  klcnticsl  ia  all  of  Umol 

Lanaa  aluHi  Asa  late  tbt  wa  (nm  a  irmMfU  mit,  or  art 

.ool  .«a  Iwa  nitwaTiiiroat.Aww.a»anife,bwlintetiahr- 

n  tbaK  wfakb  lattdfied  on  ItBd.  faecaa*  ibr  n^  fnrma- 

-^■^  *  nmierj  ennt  vfB  prawct  Ihc  bat  hn  (rooi  coauct  with 

«f  valiff      tiiatJMia,  hoavw.  ibt  loddan  cbBI  vtl  cmoK  tbc 

am  to  Am^nir  iota  a  oaaa  ike  btack  «ad. 

abkb  ftiw  fnMB  a  gi«tn  nat  do  aot  ahnn  maaJs 

Ef)  fhancif  aad  tiwapoiWoa.  b«l  chaefc  at  wccmhrr 

:mtj.    It  ku  (n^ucnijjr  bna  obacnvd.  tor  raawpk, 

'  i«^  at  fint  mionadhlt  ia  chtwical  conparilfas. 

olx  haur.  have  bcm  laMnBifUy  tfitUd  tnm 

ar  maa  mkaao.    b  dr<c*  not  appear,  bnwnv.  that  then  b  aaj 

•ANK  lav  ol  —rwinn  in  (he  kfaKb  of  k«m  ttrinul 

h  Aa^4  ab>  be  Bi4trf  itui  ad^dioarias  naiB  amyiiBahaat 

«  UraA  ci  dfScnni  mmpoailinn-    That.  En  ibt  Lipail 

tet«  ^  StmodMli  ia  taaic,  aUt  Dw  ^  Vakaaa  b 


^TpJWtf.  — TbiadiviMoa  iodadaiaD  Ibr  raaia- 
Mc  c^Kicd  bom  tbt  vnlnuai  in  a  «IU  aMa.    Tbo* 
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!  of  all  sizes  anij  »ha|)ev,  rrxim  huge  blocL*  weighinft  many  Ions, 
3own  li>  llic  miK.!  imjiatpabk  dust,  which  the  vrind  will  cam'  for 
thousands  of  miles.  The  \cry  brge  blocks  arc  commonly  frag- 
mvnls  of  the  oHcr  rocks  through  which  the  volcanic  vent  has 
burst  its  way,  tearing  a  great  hole  and  scattering  the  fragments 
widely-  Fur  fifteen  miles  urouixl  the  lofty  irilcann  of  Cotojiaxi 
in  Ecuador  h"c  great  blocks  of  this  nature,  some  of  them  measur- 
ing nine  feet  in  diumeler. 


i 


Fitt-  V-  —  V'oIoinK:  Luiiib,  tliaiiing  scotfac«ou*  WXIuic;  about  |  axlunl  iln 


More  im]Hirlant  and  much  more  eiitcnsi\ely  formed  and  vviddy 
S[ffCiid  are  ihosc  (rngmenlal  i)roducls  which  an:  di-rived  from  the 
lava  itself  and  are  due  to  the  sudden  and  explosive  expansion  of 
the  vapours  and  g<ises  with  which  the  molten  ma.v  U  intimately 
commingled  and  saturated,  'f'he  more  violently  explosive  ihc 
eruption,  the  greiiter  the  proportion  of  the  lavji  that  will  lie  blown 
into  fragments.  In  such  eruptions  as  that  of  Knikiitoa,  all  of  it  is 
lbu»  di;q)er«!iJ  and  none  remains  lo  form  Ia\-a  Sows.    Cindeiy 
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fngments  thrawn  out  of  ihc  vent  arc  called  scmee,  while  portions 
of  $131  liquid  lu^-a  ibus  ejei-tetl  will,  un  xtcuuni  of  Ihcir  rapid 
Kttation,  take  on  a  spheroidal  form  and  arc  called  volcanic  bombs, 
lapiiii  are  xmalter,  roumled  fraKnicnU,  and  vtAtank  mh  and  duit 
ut  v-cry  fine  parlicles,  though  with  a  widi-  mngc  of  variation  in 
i*ir.  The  terra  aih  is  so  far  unfonunatc  that  il  iin)>lieit  com- 
bustion, but  nccenlwlo^  it  accurately  rle^cribes  the  tippcarnncc 
of  tb<se  masses. 

In  the  inumsjtale  neighliixirhood  of  [he  \^nt  fragments  of  atll 
ui»  accumulate,  but  the  fanher  we  get  from  ilic  volcano,  the 
snuUcr  do  the  fni^menLs  be<omc.  The  toarMjr  masses  around  the 
Ten!  fonn  a  volranu  agghmtraU,  in  which  the  fragmenisarc  of  all 
th^Nai  and  sizes,  htapcd  to)(clhcr  wiiliout  »ny  arraniiiemcnl.  More 
regulAr  shells  of  largw  angular  fragmenls  (orm  vnlcanic  hrtfcia, 
and  ihee  may  be  seen  on  a  grand  scale  in  ihc  Vcllowstonc  Na- 
tional Park,  and  In  many  other  iiartu  of  the  Rocky  Mountain 
ngioo.  The  liner  accumulation*  of  a^h.  formed  at  a  greater  dis- 
tance fn>m  the  icut,  arc  rciuf;hiy  Mirtetl  by  the  air  and  often  quite 
distinctly  divided  into  layers,  while,  as  already  explained,  the 
muds  on  dryit^  set  into  quite  a  Itrm  rock,  called  Iu0  or  tuja. 

As  volcanoes  fu  generally  ^tan<)  in  ur  near  the  sea,  and  a.<  the 
lighter  fragments,  such  as  pumice,  often  drift  for  months  upon  the 
wMcr  tieforc  tlicy  .tink,  while  the  liner  dtisl  '»  earned  va.<t  diii- 
tancet  liy  the  vi'ind,  it  would  naturally  be  expected  that  volcanic 
maleriak  fthnild  liave  a  vefy  wide  distribution  upon  the  ttesi- 
bMioRi.  Such,  indeed,  proves  to  be  Ihe  case,  and  this  kind  of 
BMlcrial,  laid  down  in  tlw  sea,  lias  formed  imiHirtant  rock  mas.se3 
b  nearly  all  the  recorded  agrs  of  the  earth's  history.  The  exact 
durocter  of  the  rock  formed  in  this  fashion  will  be  governed  by 
WMius  tinrumstnncex,  »uch  as  ihe  UTiene^^  and  almndance  of  the 
nuln^l.  whether  it  is  showered  into  quiet  waters  or  along  a  wavc- 
healcn  crta»t,  wlieilier  and  in  wlut  propuriion  il  is  mingled  with 
and  or  mud.  Whrii  the  volcanic  ash  preponderates,  a  tuff  IS 
{onned,  ver>-  much  like  those  which  accumulate  on  land,  but  more 
iCKularly  iiiratificd. 
a 
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The  fragmmtal  volcanic  products,  whether  coarse  or  fine,  retain 
their  chaniiierimic  texture  and  a|i[te;inincc,  so  as  to  be  readily 
recognizable,  though  perhaps  only  with  the  microscope.  The 
great  bulk  at  these  muienais  consists  of  Ia*-a  shattered  by  the 
steam  explosions  and  quickly  chilled.  The  coaretr  fragments 
dispb)'  the  frolhy  and  vesicular  nature  of  ^corife,  while  the  finer 
particles  arc  glassy  or  crystalline.  Merc  comminution  of  the  mass 
does  not  change  it*  essential  Icsture. 

It  will  be  readily  tmagincrl  that  lavas  very  rarely  contain  fossils. 
Though  the  flows  often  overwhelm  living  beings,  the  intense  beat 
M  once  deslniys  them,  seldom  leaving  a  trace  behind,  though 
charred  tree-trunks  are  sometimes  recognizably  preserved.  In 
tuffs,  on  the  other  hand,  faisils,  especially  those  uf  plants,  are 
frequently  well  preserved,  and  luffs  formed  under  water  have 
fossils  as  abundantly  as  any  other  acjueous  rock.^. 

(3)  The  Caseous  Products  arc  important  as  agents  of  the  erup- 
tions, in  promoting  tlic  crj'stalli/ing  of  ihc  lavas,  and  iti  alter- 
ing the  nicks  with  which  the)'  come  in  contact.  The  most  abun- 
dant is  steam.  Carbon  dioxide  is  common,  especially  when  th« 
action  is  failing,  and  often  conlinues  after  all  other  signs  of  activity 
have  died  out.  Sulphur  dio.\ide  (SO,)  is  very  characteristic  and 
h  the  source  of  many  other  compound.v  SiilpUuretled  hydrogen 
(tlfi)  is  a  common  volcanic  gas,  as  is  also  hydrochloric  acid 
(HCl).  Several  solids  are  vapouri/ed,  such  as  the  chlorides  of 
ammonium,  iron,  cxicium,  etc.,  but  these  arc  of  Ihtle  signilicancc. 
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It  is  imjiorunt  to  emphasize  the  vast  quantity  of  Riaterial 
which,  in  many  volcanic  eruptions,  is  brought  from  the  interior 
of  the  earth  and  de^iositcd  on  the  surface.  Thus,  the  eruption  of 
Skaptar  Jokul  in  Iceland,  in  1783.  produced  an  amount  of  lava 
which  is  calculated  a*  exceeding  six  cubic  miles  in  volume.  Tltc 
fngmentnl  materials  derived  from  the  great  explosion  of  Kraka- 
toa,  in  1883,  are  estimated  at  4.3  cubic  miles,  while  fur  that  of  Tem- 
boro.  In  1815,  Verbcek  gives  the  almost  incredible  figures  of  aS.d 
lie  miles. 


VOLCANIC  CONES 


Votcmnic  Cooes  are  huitl  up  by  Ihe  materia]  which  (h«  TOlcaitoes 
eject,  and  vaiy  in  shape  according  to  the  clianicter  of  those  ma- 
leruUs  and  lo  the  violeoce  o(  the  eruptions.  Those  venU  which 
yidd  only  lavas  build  up  cone*  of  «>li<i  rock,  tlie  steepness  of 
which  corresponds  lo  the  dcsrcc  of  fluidity  of  the  flow*.  Tlw  re- 
markably liquid  lavas  of  the  Sandwich  Isbnds  have  formed  cones 
of  cxcecdii^ily  genUc  slope,  3°  to  10°  {sec  I-'ig.  38,  the  cxme  o(  Mauna 
Loa).  Very  siiPf  lin^s  vrhich  coanolidate  rapidly  form  vcrj-  steej)- 
tided  rones.  The  con«s  which  arc  constructed  princi)ial]y  out  of 
fraf^enlal  materials  are  atcep  (30");    Ihc  more  so,  Ihe  coarser 


Pn.  al.—  M«>in«  I»a.»«ii  from  a  ditcuicc  o(  40  miirt.     iniij[i>i;i»iih  :iv  i.rW»'y) 


d»  fragments  which  conipose  them,  and  often  beautifully  sytn- 
tneiTJca],  as  En  the  nol>le  mountains  of  our  Pudlic  Siiiies,  such  as 
Ml.  Shasta,  Mt.  Hood,  am)  Ml.  Rainier.  Most  cones  arc  built  up 
of  icoriz,  ashes,  and  Uxm  flows,  while  the  lt;>sur«s  that  radiate 
fmoi  the  enter  are  fillwl  by  dyke»,gre.-ttly  Kltmglhening  the  moun- 
tain, as  in  the  case  of  Vesuvius.  The  latter  is  noted  for  it.s  double 
head.  Monte  Somma  lieing  part  of  an  ancient  crjtrr  ring,  one  side 
of  nhkh  was  destroyed  by  an  ciqilosion  before  the  cone  of  Vesu- 
vii»  ura.1  built  up.  Ii  U  usually  stated  that  iIk  explo-^iiin  which 
destmyTd  part  of  Munie  Somma  was  that  of  79  A.t>.,but  it  is  not 
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improbable  that  the  dcslriiction  fjok  place  at  a  much  earlier 
(Lite. 

Violent  txplmions  occurring  within  a  vnlcano  blow  off  more 
or  les*  of  the  lop,  thus  prcKluciiig  the  truncated  cones  and  cxiiier 
rings  stj  often  seen  .imoiig  volcanic  mountain^!. 

Volcanoes,  like  other  mountains,  arc  subject  to  the  destructive 
activily  of  the  atmosphere,  of  rivers  and  of  the  .scii,  an<l,  when 
eruptions  have  ceased,  this  destruction  may  go  on  with  great 
r.Lpidity,  especially  in  the  case  nf  cones  made  up  of  louse  materials. 
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Vcr)'  ancient  cones  can  seldom  l>c  found,  for  this  reason,  and  often 
the  lava-filied  pific  ia  the  only  rcconi  left  of  an  nniient  vnlcano. 

Fissure  Eruptions.  —  There  is  much  reason  to  believe  that  the 
mode  of  volcanic  eruption  from  a  single  vent,  dcMTilied  in  (he 
foregoing  pages,  is  not  the  only  method  by  which  moltCD  lava 
may  reach  the  surface.  It  would  seem  that  in  piusl  time*  bva  has 
welled  u|i  through  great  lissures  and  overflowed  immense  areas  in 
successive  floods,  As  an  example  of  ihi.*  may  be  mentioned  the 
yaal  fieldH  of  lava  which  occur  in  Idaho,  Oregon,  and  Wastui^loDi 


cDverio};  more  than  loepee  tw|uare  miles  to  ihe  cleplli  of  sn'cnl 
hundred  feci.  On  an  even  larger  scale  is  the  lava  pUtcau  of  the 
Decaui  in  India,  tvhiic  similar  liui  snialkr  lata  fields  occur  in 
Palsgonia,  Iceland.  Scotland,  and  »thcr  rc(ciun$. 

Eruptions  oi  this  type  arc  rare  in  miKlern  times  and  are  best 
dreplnycl  in  IcclaiKl,  when'  lava  wells  nut  throii^li  Kr(uit  fiwuriw, 
some  of  which  arc  20  miles  in  length,  and,  in  some  cases,  re|>caied]y 
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through  the  same  (tssurc.  Small  craters  which  eject  scoriae  at« 
tanged  along  thr  futKuro.  At  ScUcmaklia,  near  (he  we»t  cnost  of 
the  Caspian  Sea,  the  earthquake  nf  igo3  uiu  accumiuinicd  by  Ihe 
famatinn  of  a  ft>sure,  through  which  lava  was  cxinidcd,  very 
unnpeticdly  because  igneous  rock  had  been  prcnously  unknown 
in  that  arra. 

The  Causes  of  Volcanic  Activity.  —  Many  theories  have  been 
odntKcd  lij  cx|)bin  the  causes  of  \-ukanUm,  but,  it  must  be  can- 


^ 
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ditlly  admitted,  none  of  them  is  satisfactory.  In  an  elementary 
book,  like  this,  no  adequate  disaission  of  this  mttst  difficult  prob- 
lem can  lie  given,  but  merely  a  brief  sketch  of  some  of  the  wjij-s 
in  which  its  solution  has  been  attempted.  Thi^  proMt-m  is  in- 
timately i-oniierted  with  those  concerning  the  origin  of  the  Solar 
System  and  the  planetarj'  evolution  of  ihc  earth,  which  arc  nstro 
noniical  ralher  llian  gn>lugical  in  their  nature. 
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The  principal  questions  for  which  an  answer  must  be  found  in 
any  complete  and  adequate  the<)ry  of  vuli'ani.tni  arc  as  foQows: 
(i)  What  is  Ihc  depth  of  the  reser^'oir  whence  the  volcanic  ma- 
(criaLs  are  derived?  and,  consequently,  what  are  the  relatioiu  of 
the  <iilTerent  vtnlf,  near  and  remote,  to  one  another?  (a)  What 
causes  the  high  temperature  of  volcanic  materials  ?  (3)  What  b 
the  origin  of  the  .^teiim  and  other  vap<jurs  and  gases?  (<)  What 
produces  the  asccnsive  forc«  of  the  lava  ?  (5)  Why  should  ^-ol- 
aclion  be  so  generally  interrnlttent  ?    (6)  The  part  and 
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[>T«i«nt  dbrribution  of  volcanoes  shoiUcI  he  explained,  aa  also  Ihc 
shiflingofaciivity,  which  di«  out  in  one  region  ami  iippcars  in 
anoiber. 

<i)  No  certain  answer  can  yet  be  given  lo  any  of  ibcsc  ques- 
tion*, chiefly  because  wc  can  obsen-e  only  what  goes  on  at  the 
surface  of  the  earth  and  still  remain  ignorant  concerninK  the  physi- 
cal condition  of  the  interiar.     Hence,  nothinR  is  known  as  to  the 


Flo.  ja.  — Tnmoied  tuff  cane,  btuid  of  Oahu.    (Phoiogra|ib  by  Libbev] 

deplln  (rom  wbicb  the  volcanic  materials  ri^.  According  to 
one  view  which  is  quite  widely  belil,  the  reten-oin  of  bva  are  local 
and  comparati^xly  superficial,  which  would  explain  the  fact  that 
irent«  which  ate  quite  near  together  may  Inr  eiilirely  indepen<lcnt  of 
cauh  other  and  eject  very  difTerent  materials.  This  view  b  further 
oonfirmcd  by  the  ftpccily  exhau.^tion  of  mxnr  \-olcanic  vents,  a 
Urge  number  of  which  have  had  but  a  single  eruption.  Accord- 
ing to  thi«  hypotbcxb,  tlie  length  of  time  during  which  a  Tolcanic 
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region  remains  active  is  determined  by  the  size  of  the  reservoir 
which  supplier  it. 

On  Ihe  oihcT  hanil,  il  is  miiintuini-H  \>y  mttny  Mudents  of  vulcao- 
bm  that  the  material  is  derived  from  a  ilccp-seated  lavcr  of  iic- 
tu»lly  tir  ])()tenlially  (used  miiterial,  which  fvcn'whcrf  underlie? 
the  surface  of  the  earth.  In  support  of  this  opinion,  it  ia  pointed 
out  that  often  widely  sepaniled  vokantKW  are  t'\-ii!i;ntly  connected 
in  some  manner,  and  that  the  volcanic  products  of  all  regions 
are  claicly  similar.  Thtie  two  hypolhcic-i  are  not  aUoKelhcr 
contradictor}-,  for  il  is  <iuite  possible  that  some  i-okanoes  may  iw 
suj>|ilied  from  shallow  rcserioin  which  are  soon  exhausted,  and 
others  from  a  deeper  and  general  source  of  supply. 

(2)  The  InRh  temperature  has  lieen  explained  in  two  prinei[)al 
ways.  If  we  accept  the  nehular  h_\^>^)thc^.is  of  t)ie  origin  of  the 
Solar  System,  we  mu-sl  grant  that  the  earth  was  once  a  globe  o( 
glowing  gas,  which  subsequently  condensed,  in  part  at  least,  to  a 
molten  glolw,  and  then  .solidified  on  the  surface  and  to  unltnoun 
depths.  One  explanation  of  votcaiiit  heat  is  that  it  is  due  to  the 
originally  high  temperature  of  the  earth,  not  yet  lost  by  radiation, 
whether  in  local  rirser\oirs  or  in  a  iiniversul,  deep-seated  layer. 
By  those  who  accept  the  latter  view,  it  is  generally  assumed  thai 
ihe  interior  of  the  earth  is  exceedingly  hot,  but  solidified  by. 
pressure,  and  that  when,  by  folding  or  fracturing  of  the  orerU-ing 
nuks,  this  pressure  is  jjarlially  relieved,  the  highly  heated  masiscs 
become  liquefied  along  the  line  <)f  diminished  pressure. 

In  the  .••econd  cla-ss  of  hyjioiiicscs  on  this  subject  of  temperature, 
il  ia  assumed  that  the  earth  never  was  in  n  molten  condition,  or 
that  il  has  already  so  far  cooled  that  li^  i>roj)cr  heat  is  no  longer 
sufficient  to  produce  fusion  nf  nxk.  Fmm  this  |»iHnt  of  view,  the 
great  heat  is  believed  to  \)e  generated  mechanically,  by  the  friction 
of  internal  masst»  under  com])res«{on  and  contraction,  or,  vrilh 
much  l<ss  probability,  to  be  due  lo  chemical  processes,  or  cvcq  to 
radio-activity. 

Similar  divergences  of  opinion  obtain  with  regard  to  the  nature 
origin  of  the  lavas  ejected  by  volcanoei.    The  view  most 
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commonly  held  is  ihnt  ihcy  arc,  for  the  most  pan,  the  original, 
unallered  maicriai  of  tiic  kIoI>c,  whelher  tbii^  has  alvnya  remntaed 
fluid,  or  has  btcn  remcltet)  by  rclciiM;  tif  pressure,  or  otherwise. 
Artortiing  to  another  opinion,  volcanic  producU  are  formeil  from 
the  ftfijoii  of  sediinentary  mjiterial  which  wus  luid  down  under 
water,  but  has  been  deeply  buried  within  the  crust  of  tlie  earili  by 
subsidence.     A  ttiini  view  reri));ni/c:^  both  .-'oumsi  of  supply. 

(3)  The  problem  as  to  the  origin  of  the  sie^im  which  plays  !<o 
important  »  part  in  volcanic  eruptioR-%  is  likewise  very  drtTvrcntly 
•ulved  by  different  in  vest  igii  tors.  Unr  opinion  h  that  the  Hteam, 
like  the  bra  itself, »  pnmonlial  and  h-a>  aKioflieil  fnim  the  uimos- 
pbere  (which  then  explained  all  the  H-atcrs  of  the  sea]  when  the 
surface  of  tlie  |{lol>c  wa>  Mill  molten.  Melted  .'«ulLsLini-e»  will,  it 
b  known,  absorb  mnny  times  their  own  volume  of  steam  and 
l^ses,  when  tn  cmitact  with  tbcni  under  pressure.  From  lhi.«  it  is 
inferred  that  the  bva  has  containeit  the  »ieam  ever  since  the  lir^ 
cooling  of  Ihc  surface  crust.  A  second  opinion  derive*  the  water 
from  the  surface  of  the  earth,  sup|>iuiiij;  that  il  descends  partly 
lhn>uf;h  lisMires  ai»d  partly  through  the  pores  of  the  oi^erljinii; 
racks  by  capillarity.  TIk  neariKvs  of  mtHl  ixilcanoe-t  to  ihc  sea  is 
ktoked  u|(un  as  fa\x>urinf;  this  view.  Others,  again,  employ  both 
netbmls  of  ex|4aniiiion,  rv^rdin^  the  ordinary  Meam  which  im- 
prcgtiaies  all  lavas  as  primordial,  but  believing  that  the  violently 
explosive  cTuptioict  are  caused  by  Ihc  sudden  access  of  large 
binlics  of  water  lo  the  lava  masses.  The  evidence  of  known  facts 
h  al  pnsent  dittltM'lly  in  favour  of  the  view  that  the  steam  is  esen- 
tiatfy  primordial. 
<4)  The  causes  of  tlie  X4ccnsi\-e  force  of  the  lava  column  are 
iflhi  by  various  writers  in  vxt.iI  diffiTeni  agencir*.  Some  find 
all -sufficient  cause  in  the  steam  pressure,  while  others  maintain 
that  some  other  force  must  be  at  work  and  fiiwl  ihn  jKirtly  in  the 
weight  of  meriying  nwises,  especially  in  the  case  of  sinking  blocks, 
and  pardy  in  ihe  unequal  conlriiction  of  the  e;irlh,  aiul  coasei[uenl 
pressure  u|)on  the  molten  or  plastic  layer  beneath.  It  has  been 
caknlalcd  that  a  radiil  contraction  of  one  millimeue  "  wouM 
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suffice  to  supply  miiltcr  for  five  hunclrec]  of  the  greatest  known 
volcanic  eruptions."  (Prcstwich.)  That  steam  is  an  ctsentiiil 
&ctc>r  in  thi»,  iix  In  Diher  volcanic  phenomena,  apgicnrs  to  be  well 
jslablishcd.  Steam  and  other  gases  and  %-apours,  under  great  ])re»- 
lUies  and  at  !ii)i;h  iem|Krra lures,  have  a  remarkal>lc  penetrating 
powcrand,  when  suddenly  rcleaseii,  will  pcrfonilc  metal  or  roik  like 
»  projectile.  Even  under  a  pressure  of  only  a  few  hundred  al- 
mosphcrus,  sujXThcated  Kteam  corrcjdes  and  abrjides  like  the 
saiui-bla.sl,  as  a  substitute  for  which  it  is  now  frc<(uently  em- 
ployed, 

(5)  The  intcrmittcncy  of  volcanoes  and  their  mode  of  distribu- 
tion add  to  the  dilTiiuliy  uf  ilie  whole  subjerl,  but  any  complete 
theory  must  explain  them.  The  views  which  bring  volcanic  action 
into  relation  with  the  mechanical  changes  in  the  i tu.si  ore  those 
which  seem  mtisl  consonant  with  the  known  facts  of  the  past  and 
present  di.siriljulion  of  the  vents. 

Here,  for  lack  of  space,  we  must  leaw  the  itubjcct.  Enough 
hii^  been  sai<!  lo  show  bow  far  we  still  are  from  un<lcrslaii(jing  the 
mystery  of  volcanoes. 

The  Inteknal  Constitution  of  tue  Eastb 

The  interior  of  the  earth  i*  completely  be>-on(l  ihc  reach  of 
direct  observation  and  what  is  known,  or  may  he  reasonably  in- 
ferred, us  lo  its  physical  conniiiulinn,  \»  derived  from  various 
lines  of  indirect  evidence.  The  deqicst  boring  ever  made  L*  less 
than  jfl'oo  p;irt«f  the  earth's  radim,  ami  we  have  no  experience  with 
such  enormous  pressures  as  obtain  within  the  mass  of  the  globe, 
and  can  therefore  form  but  imperfect  conceptions  of  Iheir  effect*. 

From  observations  with  the  priululum  and  plumb-line  it  Kt 
calculated  that  the  sjiccific  Rfa^'ily  of  ilie  earth  as  a  whole  is  ^.6, 
while  the  average  specific  gravity  of  the  rocks  which  form  the  ac- 
ce»stlitc  ]>an.4  of  the  crust  is  only  1.6.  It  follows  ibat  the  in- 
terior of  the  globe  is  composed  of  much  denser  materials  than  the 
superficial  portion,  and  this  fact,  to^ber  with  ibc  phenomena  of 
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irial  mai^etism,  has  led  many  to  ihc  belief  thai  the  earth 
a  sutstanliully  a  i^aix  of  iroD.  Tht»  inference  U  aUo  supported 
by  ihe  occuntnce  of  oatirc,  or  unoxidtzed,  iron  in  certain  igneous 
rork*. 

Temperature  of  Ihe  Earth's  Interior.  — Volcanoes,  which  eject 
moUen  iiiwl  white  hot  la\'a.<i,  and  thermal  .springs,  which  pour  out 
floods  of  hot  and  even  bailing  water,  pUiinly  imJicutc  (hat  the  in< 
(erior  of  the  earth  is  highly  heated,  at  least  alonjj  certain  lines. 
Direct  observalioiv  tend  [»  prove  thai  thi^  hi^h  Icmpctritiire  is 
universally  diffused  through  the  earth's  mass.  For  a  stiort  dis- 
tance Mow  the  surface  of  the  k^'**'"'!  'he  lemiwrulure  varies,  like 
that  of  the  air,  (hough  not  so  greatly,  bctm-cn  day  and  night. 
Farther  down,  the  daily  variation  cea-ses,  but  there  is  a  .-iea.wnal 
variation,  also  with  a  less  extreme  range  than  the  seasonal  differ- 
ences of  Ujc  air-icmperatures.  The  almost  constant  temperature 
of  deep  celUr*  an<l  ice-houses  is  a  familiar  fact.  Al  a  slill  greater 
de^ilh  Is  reached  a  kvcl  where  the  temperature  remains  the  same 
ihniughout  the  year,  and  is  hut  slightly  in  exix^s  of  the  aiwtti^e 
vmimai  temperature  of  the  air  atmvc  ground  at  a  given  locality, 
Rudentl)-  the  temperature  at  the  lei'cl  ui  no  variation  is  rleler^ 
mined  b)-  the  solar  heal  and  other  climatic  factors,  and  its  depth 
dqiettds  upon  the  range  of  temperature  changes  in  the  air.  In  the 
titipio>.  with  tlicir  unifurm  ficgrecof  bcsit.  the  level  of  no  variation 
is  only  three  or  four  feci  below  the  surface,  and  much  the  .same  Ls 
tnir  of  the  polar  regions,  where  the  gniund  is  permanently  froxen 
to  «  depth  of  several  hundred  feet,  but  in  the  lemfK-rale  zones  this 
level  k  much  deej>er;  generally  sgieaking,  the  depdi  incre.-isc»  with 
the  Utilude  and  u  New  York  is  about  fifty  feet,  but  the  level  again 

towar^t  die  surface  a^  the  polar  regions  are  ajipntachetl. 
Even  at  (he  leie)  of  no  variation  the  inherent  heat  of  (he  earth 
nukes  iUelf  apparent,  and  below  tbi:>  level  Ihe  tem^ierature  in> 
crewes  with  the  depth,  though  at  NTry  difTcreni  rates  in  different 
placo.  Thus,  in  Cieai  Britain  Ihe  rate  of  increment  varies  be- 
mm  1°  P,  for  every  30  feel  of  descent  and  1"  for  every  go  feet. 
Inousing  heat  with  tncnasiag  depth  is  observed  in  all  deep 
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borings,  tunnels  and  mines,  and  often  has  completely  checked 
any  furiher  pcneiraiioii.  The  levels  at  which  the  great  tunnels 
under  ihc  Alps  wt-rc  placed  were  determined  rhielly  by  ctinsidcm- 
tions  of  (eraperature,  as  il  was  necessary  to  avoid  a  dcRrcc  of  heat 
in  whi'cli  men  could  not  work. 

The  dccptsi  boriiitts  in  the  world  arc  ibosc  in  Prussia,  some  of 
ihcm  considerably  exceeding  a  mile  in  depth,  01>ser*a lions  made 
in  these  borings  give  an  average  increment  of  alwut  i°  F.  for  every 
60  feet.  Should  ibis  mte  be  mnlinued  reguJrirly,  if  would  re:ii'h,at 
a  depth  of  35  miles,  a  heat  sufficient  to  melt  almost  any  known 
rcNrk,  III  lUmmphfric  prtJsure.  Huwfver,  the  ;iv.*iil;ili!e  nliwrva- 
tions  arc  much  loi>  supcrfitial  t*>  permit  the  formulation  of  any 
^neriil  law,  farther  than  the  e^tal>li^bmenl  of  the  fuel  of  ihe  uni- 
jVersal  increment  of  temperature  with  descent  into  the  earth. 

Physical  State  ot  the  Earth's  Interior.  —  Opinions  ivncernin^  the 
internal  constitution  of  the  earth  difTer  ver^-  radically  and  only 
within  the  last  few  years  ha*  evidence  tiegun  to  accumulate  which 
[H-rmits  the  dniwing  of  certain  inferences  with  a  considerable 
degree  of  probability. 

Many  hjiHUhe.te.t  .is  Hi  the  condition  of  the  earth's  interior  have 
\Ktm  projjoscd,  of  which  the  following  are  the  most  important: 
(i)  That  the  eurth  i»  a  molten  globe,  covered  t>nly  by  n  relatively 
thin  crust,  (a)  That  it  is  siibstaniially  a  solid  body.  (3)  That 
the  interior  puK<es  gradimlly  fmm  ^  solid  cru.-^t  to  ;i  giisrous  core, 
heated  bcjond  the  critical  temperature  ami  yet  under  such  enor- 
jnou.1  pre»ure  that  the  core  i*  :ix  rigid  ax  a  wliil  bmiy,  but  i^iill  a 
gas  in  molccubr  condition.  According  to  this  theory,  the  tem- 
perature of  the  earth  at  the  centre  is  aiwut  180,000"  F.  and  the 
pressure  3,000,000  atmospheres.  (4)  That  it  h<is  a  very  largo 
solid  nucleus  surroun<led  by  a  lajcr  of  fused  material,  upon  which 
Ihe  crust  llonis  in  ei]uilibrium. 

In  the  present  imperfect  state  of  knowledge,  it  I*  not  poiwIMe  1 
decide  definitely  between  these  conllicting  hypotheses,  bul,  as 
mentioned  above,  evidence  has  been  obtained  which  seemn  to 
[Mint  clearly  to  certain  conclusions, 
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(1)  Tbe  first,  <>r  "  ihln  ct\i»1  "  hypolhesK,  iw  now  xlmost  en- 
tirriy  abandoned,  for  iherc  is  really  tio  ci-idcncc  in  its  favour  and 
vtry  much  against  tt.  The  velocity  and  charatler  of  ih*  «irth- 
(|iiakc  vravr»  wlikh  (niwne  the  irnuff-  of  (he  globe  and  the  as- 
tronomical rdatioits  of  tl>c  caTih  as  a  planet,  especially  tlie  tidal 
phenomrna,  are  s(n>n)!;lr  oppcised  lo  this  view. 

{3)  Tliat  the  earth  U  suhstantially  a  solid  liody,  is  the  opinion 
held  at  present  by  many  fscologiMK  and  usironomers.  In  support 
af  Si  may  be  cited  the  astronomical  evidence  just  mentioned,  and 
the  earthquake  waves,  the  spewl  of  which  ref|uircs  »  medium 
HKirc  rigid  than  steel,  while  the  very  transmission  of  (he  tranA* 
vtrse  or  di^torlionid  waves  w<iul<l  ^(^em  lo  re({uirt'  a  «oltd 
nmlitun. 

(j)  Between  ihc  witind  and  third  hypotheses  ihe  (lislintliun  is 
one  not  easy  to  explain  in  an  elementary  manner,  and  there  arc 
many  mrxlilkii lions  of  t)ie  Utter.  According  to  .'Xrrhenius,  "  the 
rigidity  of  the  earth  is  greater  rather  than  less  Ihun  that  of  steel, 
liot  Ihe  interior  forms  an  extremely  viscous  ma.ss,  with  qualities 
samewhal  hkc  those  of  asphalt  at  a  low  temperature,  of  pitch, 
scalin^-wajc  and  glaiis,"  These  bodies  beha\c  under  forces  of  de- 
fonnalion,  which  act  quickly  or  with  constantly  changing  diroc- 
tkm,  tike  solids;  bat  under  slow,  long-continued  pressures,  acting 
m  a  constant  direction,  thn,-  behave  like  lluids.  Observalion*  and 
racoHs  of  vcT}'  distant  earthquakes  show  that  when  the  path  of 
die  mass-waves  ]>enetnilcs  (o  a  dej)th  of  more  tlian  ihree-fifths  of 
the  earth's  radius,  ihe  transverse  waves  of  di.'^tortion  are  either 
rstinKui^hal  or  fcreatly  relitrderl,  TIti.'t  gioinb  to  a  change  in  the 
character  of  the  meditmi  and  decidedly  supports  the  notion  of  a 
gaseous  riire  p<Htulale<l  by  this  hypothesis. 

(4)  The  fourth  hypoihesb,  which  assumes  the  presence  of  a  fused 
bycT  between  the  criLsi  and  tbe  solid  nucleus,  with  gradual  tran- 
silioas  from  one  lo  the  other,  is  tK-lievrd  to  avoid  the  astronomical 
nbjeciiom  la  a  molten  globe,  as  well  as  certain  geologiial  diflicul- 
tia  in  atxepling  the  hypothesis  of  an  entirely  solid  earth.  The 
orrbquake  observations,  eo  frequently  cited,  are  decidedly  op- 
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posed  to  the  belief  thiit  a  layer  of  aciuiilly  (Use*!  malter  can  exist 
at  a  moderate  depth  below  the  surface. 

It  h  thus  pniliiiihle  th;il  Ivelow  ihe  superficial  cru.st,  imly  a  few 
miics  in  ihicltiicss,  the  great  mass  of  Ihc  earih  is  composed  of  very 
dense  miiierial,  which  transmiLi  elastic  wives  like  a  very  perfectly 
clastic  solid,  and  yet  b  so  highly  heated  and  under  such  enormous 
pressure  tlint  il  h  ]H>tentially  fused  and  liiiucfies  ujjon  auflicieiil 
release  of  pressure,  and  yields  plastically  to  slow,  long-continued 
Stresses  which  act  in  a  constant  direction.  Furthermore,  there  is 
evidence  that  a  core,  two-fifths  of  the  earth's  diameter  anti  com- 
posed of  matter  in  a  different  state  of  agj;rcKalion,  which  may  be 
gaseous,  occupies  the  centre. 

In  this  connection  somcthin);  should  be  said  coticcrning  the 
im|><in»nt  llieory  of  tsottusy,  which  may  be  thus  defined:  "The 
canh  is  composed  of  heterogeneous  material  which  varies  con- 
siderably ill  density.  If  this  lieteroj^ciicous  material  were  »>  ar- 
ranged that  its  density  at  any  puint  depended  simply  upon  the 
depth  of  thai  point  below  the  surface,  ...  a  state  of  equilibrium 
would  exist,  and  there  would  be  no  tendency  toward  a  renrnmgc- 
meni  of  masses. 

'■  If  ihc  helcriigcncous  material  ciim[x«ing  ihc  earth  were  not 
arrani^cd  in  this  manner  at  the  outset,  the  stresses  produced  by  RTav- 
ity  would  ien<l  lo  lirinK  atiout  .luch  an  arraiiKement;  but  as  the 
ifialerial  is  not  a  perfect  lluid,  ...  the  rcamngemcDt  will  be 
imperfect  .  .  .  The  excess  of  material  represented  by  that  por- 
tion of  the  continent  which  is  abo\x  sea-level  will  be  compensated 
for  Ity  a  defect  of  den.'<ity  in  the  underlyinK  material.  The  cnnti- 
Dents  will  be  tloatcd,  so  to  speak,  because  they  are  composed  of 
relatively  li^ht  material  \  and,  similarly,  the  floor  of  the  ocean  will, 
on  this  supposed  earth,  be  depressed,  l)ecause  it  is  cx>mp<»ed  of 
unusually  dense  material.  This  particular  condition  of  spproxi- 
nutc  equilibrium  has  been  given  the  name  isostasy."  (Tittmum 
and  Hay  ford.) 

The  recent  very  exKwJve  and  exact  operatioTU  of  the  United 
Stales  Coast   Stin-C)'  have  brought   strong  confirmation  of  the 
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tfaeoiy  of  bostas}'.  "The  United  States  is  not  maintained  In 
its  pociiinn  above  sea-level  by  the  rigidity  of  the  earth,  but  is,  In 
the  iBaiR,  buoyed  up,  floated,  by  material  of  deficicni  density." 
(Titinumn  and  Hayfiml.) 

It  should  be  noted  that  isostasy,  beiDf;  a  condition  of  approxiraaie 
equilibrium,  h  conscnalive  tn  te»tle:i<-y  and  d<>cs  not  explain  the 
active  movements  of  elc\'atiun  and  depression  of  the  crust. 

Tbc  whole  subject  of  iIk  temperuturet  and  plivMctil  »iuic  of 
the  earth's  interior  has  been  complicated  and  obscured  by  the 
&eavtry  of  radio-activity,  and  already  si)me  vmy  far- reaching 
infeFcnces  bnvc  been  drawn  from  the  distribution  of  radio-aciive 
subslances  id  tlie  rocks.  At  present,  however,  it  would  be  prema- 
ture to  give  any  extended  discussion  of  this  problem. 

Summary.  —The  study  of  the  subterranean,  or  igneous,  a^n- 
des  has  proved  to  be  verj'  unsiitisfactury  in  the  way  of  explaining 
ibc  phenomena  and  referrin(;  tbcm  to  the  operation  of  unrlerstood 
pbyxital  aKcnt.",  iMKause  «i  little  U  really  known  and  si)  much 
remains  to  be  discovered.  Nevertheless,  we  have  learned  much 
diat  is  of  great  importance  in  geological  rea.M>ning.  We  have 
wen  that  the  earth  contains  within  itself  a  great  store  of  energ)*, 
atMl  tlial  its  interior,  in  whatever  ph^-nical  state  that  may  be,  is 
highly  heated,  ai>d  possfsso;  great  quantities  of  material  which  is 
cither  actually  or  (loicnttally  molten,  and  is  permeaieil  with  super- 
beaied  steam  and  other  gases.  This  molten  material  is  often 
forcer)  upward,  and  is  elOtcr  poured  out  al  the  surface,  or  Hlls  up 
fiSMUts  and  cavities  in  the  rocks,  or  pushes  its  way  between  ihcm. 
Cooling  tutder  varicMU  circumstances,  the  molten  masses  con- 
wlidaie  into  a  great  variety  of  characteristic  rocks,  frothy,  glassy,  or 
nyBtalline.  Ks|>Imive  discharges  of  steam  blow  the  melted  ruck 
into  fragments  of  all  grades  of  fineness,  and  these  fragments  like- 
wise accumulate  either  on  the  land  or  under  v.-atrr,  and  form 
mcks,  the  nature  and  origin  i>f  which  may  be  readily  recognised. 

We  ha«  further  seen  that  the  operation  of  these  subterranean 
lofcCB  produces  shocks  and  fats  in  the  interior,  which  are  propa- 
fUci  la  the  »ur&cc  as  e«nhi|unkes,  and  there  bring  about  per- 
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mancnt  changes,  associated  wilh  ihc  fissuring  and  dislocation  of 
(he  nicks,  bmlslips,  alteration  in  the  iimne  of  rivers,  formuliim 
o(  lakes,  and  the  like.  The  frequency  of  earthquakes,  their  nidc 
geographical  range,  and  the  constant  tremor  of  the  ground  de- 
tected by  delicate  instruments,  led  us  to  infer  thitt  the  crust  of  the 
eanh  is  decidedly  unstable. 
This  conclusion  wc  found  strengthened  by  the  oscillations  of 

rkel  between  land  and  s-ea,  which,  though  extremely  slow,  are 
Ren  to  be  still  in  pnjgrcss.  Historical  geology  will  show  us  that 
these  changes  of  level  have,  in  the  course  of  ages,  been  effected 
on  the  grandest  scale.  Almiisl  all  ihe  great  continents  arc  com- 
posed of  rocks  which,  for  the  most  part,  were  Jiiid  down  in  the  sea 
and  still  contain  the  fossils  of  marine  animids,  ami  this  xhows  that 
these  continents  have  been  under  the  sea.  Not  that  all  parts 
of  any  conlinenl  were  submergeil  at  ihe  ^ame  time,  but  now  one 
part  and  now  another  was  overflowed  and  again  emerged,  until 
nearly  all  have  biwn  cuvereil  in  their  turn. 

In  brief,  the  principal  geological  functions  of  the  subterranean 
a^ncies  are  two:  (i)  they  bring  u|i  from  below  and  form  at  the 
surface,  and  at  all  depths  beneath  it,  certain  characteristic  kinds  of 
rocLs;  and  (i)  they  tend  to  increase  the  inequalities  of  the  earth's 
surface,  and  thus  to  counteract  the  agencies  which  are  culling  down 
the  land  and  steadily  tcndinj;  to  reduce  it  lo  the  level  of  the  sea. 
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SURFACE  AGEiVCIES 

The  supcriicUI,  or  surface,  aK<^nt.<),  all  oE  which  arc  manifestations 
of  mUt enefg]',  arv  ihuM;  whi^hna  U)>(>[|  i>r  nnir  ihc  surfai-c  uf  the 
ground;  only  one,  circulating  water,  is  abk  to  penetrate  to  con- 
f  ndcralde  dqilhft  within  the  earth.  The  work  uf  the  surface  a||;enls 
may  «U  be  summed  up  in  ivro  categories,  the  dtslrurtion  and 
numaiwHeHtrH  of  roik.  Tlie^e  two  processes  are  complemenlarj-j 
for,  since  matter  is  indestructible,  and  can  have  only  its  position 
M^phnlcal  and  chemical  rebticm*  changed,  it  li  ot>vioa<t  that 
init  is  remoi-cd  in  one  pUcc  must  Ix'  laid  down  in  another. 
Xeilher  procns,  therefore,  can  pi  on  without  the  other,  and  recon- 
strurtkin  necessarily  im[^ies  anli-rtxletii  destruction  to  furnish  the 
nuxeriab.  Ceaseless  cycles  of  change  arc  cvcnwhcrc  in  projrress. 
nrw  cumin natinn.4  continually  formed,  and  ohier  roclcN  worked  (tvcr 
iaio  newer.  It  is  this  circulation  of  matter  upon  and  within  the 
cnm  ttS  the  earth,  which  we  have  already  compared  to  the  |>hysi<K 
logical  dunf^  in  the  body  of  a  living  organism. 

The  work  of  dc»tniction  and  renxutruction  is  in  a  continuous 

aiics  of  changes,  twginnint;  with  the  mechanical  disiulfgrijiUm  or 

tkemlcal  decomfoiision  of  an  older  nxk,  folloncfl  l>y  the  trans- 

rif  the  material  thus  supplied,  for  longer  or  shorter  dis- 

,  its  Jtpotilion  in  a  new  place,  and  finally,  if  the  series  is  oom- 

pltip,  the  tontolidaiwt  of  the  loose  diR>ris  into  rock. 

The  [irocesscs  of  rock  destruction  an<l  removal,  whi^h  are 
xmiped  logclhrr  under  Ihe  fjcncridnarnc  of  denudation,  or  rtosion, 
ut  thieily  conftDcd  to  iJ)«H^^fHt^i^^^KJ}ile  tlunc  of  recon- 
Hnirtiun  lake  [»Iace  p; 
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of  all,  in  the  sea.    An  imp(>runl  work  of  recon»truclion  is 
performed  on  the  land,  but  on  a  less  extcnsiiT  scale  than  in 
the  »ea. 

The  surface  agents  all  act  both  destructively  and  reconstruc- 
tively  according  lo  circumstances.,  but  wllh  ^ery  tJifterent  degree:* 
of  efficiency.  Certain  agents  arc  preiiminerHly  destructive,  others 
as  preeminently  recon^iruitive,  while  oiheni  a^ain  operate  nifxtt 
efficiently  as  agents  of  transportation.  Again,  as  was  pointed  out 
in  the  Introduction,  the  depth  below  the  surface  at  which  operations 
take  place  has  a  very  im|Minant  bL-aring  u[>on  the  effect  produced. 
From  this  point  of  \'icw.  wc  may  regard  the  eartli's  crust  as  beinj^ 
composed  <>i  n  number  of  cimccnlric  shells,  of  somewhat  Irrcgukir 
thickness  and  rather  indefinite,  or  even  fluctuating,  boundaries. 
The  superficiiil  shell,  which  extcniis  fmm  the  surface  down  to  the 
level  of  the  ground  water  (see  p.  114),  is  called  the  shfU  of 
vxtilhcnng  (Van  Hise's  "  bell  of  weathering  "),  and  is  character- 
iwd  by  the  oxidation,  carbonaiion,  and  hydration  of  minerals,  and 
great  (juanttlies  of  materia!  are  removed  in  solution.  As  a  result 
of  these  operations  the  rocks  arc  decomi>oscd,  becoming  soft  and 
friable;  tlie  minerals  produced  are  few  in  number,  of  .timple  com- 
position, and  are  usually  imperfectly  crystalli/cd.  The  second 
shell,that  of  «w:c«/ij/io«,whichexten(Udownwardfrom  ihegrcmnd- 
water  level  to  a  v;in.'ing  depth  with  undetermined  lower  limit, 
is  largely  saturated  wiih  water, and  heme  has  but  a  limited .<^uppty 
of  oxygen  and  carbon  dioxide.  Therefore,  while  oxidation  and 
carbonation  occur,  they  are  less  important  than  hy<lration,  and  the 
resultant  minerals  are  more  crystalline  than  in  the  shell  of  weather- 
ing. Solution  goes  on,  but  deposition  liecomea  ver>'  important 
and  fdls  ihe  opening;*  in  the  rocks  with  mineral  matter,  and  the 
general  effect  of  the  various  processes  is  lo  harden  the  rocks. 

The  work  of  the  .surface  agents,  in  its  threefold  a-spect  of  erosion, 
transportation,  and  deposition,  is  profoundly  affected  by  the  dia- 
slrophic  movements  of  the  earth'.*  crust.  In  a  given  ca.se  the 
effects  produced  will  vary  greatly  in  accordance  with  the  elevation, 
subsidence,  or  stationary  character  of  the  region.    In  general,  ele^^ 
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fsTOun  dcnudatiOi],  and  subsidence  favours  dqiodtioQ  o( 
maspojtcd  inatcriaL 

In  studying  ihc  wirk  of  the  .surface  agents,  the  logical  order  of 
testment  requires  thai  the  de^tmetivc  opcratioas  be  considered 
first.  The  agendts  to  be  examined  arc:  (i)  the  iitmospbcrc, 
{i)  running  Viaicr,  (3)  ice,  (4)  lakes,  ($)  the  sea,  (6)  animali  and 
planU.  Of  iheset'arioustitgentKtheivork  i»])rinr>[i»Ilyincchaiiical, 
but  water,  in  its  various  forms,  is  a  slow  but  extremely  cflicicnl 
afEeol  of  chemical  changes. 
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CHAPTER  IV 
DESTRUCTIVE   PROCESSES.  — THE   ATMOSPHERE 

The  rUm(Js[jlicric  .itrcn tit's  .ire  by  far  thi-  must  important  of  the 
de>trurlivt'  or  ikiuiditig  ugenls,  beniiiNe  no  pari  tif  ihf  land  Kurface 
is  nliogrthM-  exempt  from  their  activnty.  Their  work  is  descrilwd 
by  the  Kcneriil  term  H'eiiliitrin/;,  anil  is  slwwii  at  <)n(C  by  the  dif- 
fwi-nt  iippPiiriina-  uf  frt^lily  qiiamctl  stnnc  fmm  that  which  has 
been  lonR  exposed  in  the  face  of  a  cliff,  or  even  in  ancient  build- 
injp..  Wiile  such  ;i(tents  m  riwK  and  the  sen  do  work  lha(  is 
much  more  apparent  and  striking  ihan  that  of  the  atmosphere, 
yet  they  arc  more  Iwally  confined,  and  even  in  their  opera- 
tions the  atmosphere  renderv  imjHjrtanl  aid.  Thoujih  no  \tan 
of  the  land  surface  is  cniirelv  free  from  the  destructive  activity  of 
the  alm(«pbere,  the  rapidity  and  intensity  of  this  activity  vary 
much  in  different  places.  There  arc,  in  the  first  place,  the  great 
differences  of  climate  lo  be  considered,  differences  in  the  amount 
and  iliMribulion  of  the  niinfull,  of  temj^-raiure,  and  of  the  winils. 
In  the  second  |>lace,  the  resistance  offercii  by  the  \-arious  kinds 
of  riK'ks  to  the  disintegrating  jiroccsse*  tliffcrs  very  ^;reatly,  in 
accordance  with  the  differences  of  hardness  and  chemical  compo- 
uU'on.  .Again,  the  presence  or  absence  of  a  coverinj-  of  protective 
vegetation  ha»  an  important  influence  upon  the  amount  and  char- 
acter of  the  destruction  effected. 

The  outcome  of  all  these  varying  factors  is  to  protfute  vcr^ 
irregidar  land  surfaces.  While  the  tendency  of  the  atmospheric 
agencies  is  gradually  to  wear  down  the  land  to  the  level  of  the 
sea.  yet  in  that  process  some  parts  arc  cut  away  much  more  rapidly 
Lhan  others;  and  hem's  the  first  r^erJ  iif  denudation  is  an  inerciu- 

igly  irregular  surface.    The  overlying  screen  of  soil  conceals  many 
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d(  these  IrT^ularilits,  especia]!}'  Ihc  minor  ones;  und  wcrr  that 
screen  renin^-ed,  ihr  rock  surface  would  be  seen  to  be  much  mora 
[TTCgular  and  nigged  than  the  actual  surfm-e  <>r  the  gn>unil. 

So  ]m^  a-H  tlie  bnri  »urJace  ts  vnried  by  hill  and  \-allcy,  it  is  said 
to  p06a«s6  TtiUf;  and  when  it  has  nil  been  planed  dou-ii  to  a  flat 
nrgcntir  »loj)iRj|;  :<urfuce,  raiMMJ  but  slightly  above  (he  level  of  the 
sea,  it  is  said  to  have  reached  the  base-level  o/  erosion,  or  lo  be 
base-tn^ed. 

The  aimosphcnc  agents  may  be  conveniently  divided  into 
(i)  rain,  (i)  {raei,  (3)  clianges  of  tem[>erature,  (4)  wind. 

1.  Raw 

The  work  of  the  rain,  which  i.t  both  i-hemiral  and  mcrhanieitl, 
rarics  greatly  in  accordance  with  climatic  factors.  The  annual 
precipiialioo  of  two  regions  may  be  the  same  in  amount,  hut  in  one 
Ibc  rainfall  niay  I*  in  verj-  fm|ucnt,  gentle  showers,  and  in  the 
other  in  less  frequent,  but  far  heavier  and  more  violent  downpours; 
nnder  »uch  diiferent  eiiadittons  ihc  derflructive  worl:  of  the  ruin 
will  be  very  different.  Effects  of  plill  itnothcr  kind  are  produced  in 
llkHc  region^  whi<:h  have  retEubrly  allcniiiuug  niiny  and  dry 
uasoQS.  Temperature  also  modihcs  (he  work  of  Ihc  rain  to  an 
inportanl  decree,  so  that  mulls  are  bTuu^hl  alxiul  in  warm  cuun- 
(nes  quite  different  from  those  obMrr^cil  iti  li-mperntv  and  cold 
Kgfoos.  Thus,  each  climatic  zone  exhibits  the  work  o(  the  rain 
with  characteristic  diffrrenci^. 

Perfectly  pure  water  would  act  upon  rocks  with  extreme  slow- 
ocst  but  lowh  water  if.  nut  known  to  occur  in  nature.  Tlie  rain- 
drops,  formed  by  ihc  condensation  of  the  walerj-  vapour  of  the 

[auncmphere,  alxiorb  cerCkin  gKxs  wlmh  very  materially  increase 
he  solvent  power  of  the  water.  Of  these  gases  the  most  important 
k  uxygen  (O)  and  carlion  dioxide  (CO]),  and  all  rain-walcr 
Pntsins  them. 
It  was  formerly  .'^upfK)!(e(I  that  rain-water  in  i>ercoUting  through 
)ht  soil  ac4|uired  additional  dntructive  vQi<:iency  by  absorbing 
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ceilitin  products  of  vcReUble  (iea>m|iiu.ilion  called  humoiu  acids. 
Recent  exact  invcstignliims,  howmer,  have  thrown  grave  doubts 
upon  Ihc  csislcncc  of  these  acids  Id  ihc  soil,  aiid  the  effect* 
which  had  been  ascrilwd  lo  them  arc  now  referred  to  carbon 
dioxide  acting  out  of  immediate  contact  with  the  atmosjihcre. 

One  of  Ihc  first  and  jiimjilfsl  cffccis  of  at m "spheric  moisture 
eonsi&1&  in  the  hydration  of  the  minerals  exposed  to  it.  Hydra- 
tion, the  liikinji;  up  of  wuter  tnt"  rheminil  union,  is  an  important 
agency  of  decay;  it  causes  an  increase  of  volume  and  thas  greatly 
incTcaKeH  the  preMurc  In  the  lower  pnrtx  of  ruck  musses  which 
contain  hvdrating  minerals.  In  the  District  of  Columbia  "  granite 
rocJui  have  been  .iliown  to  have  become  di.tinteiicrated  fur  a.  dcjith  of 
many  feet,  with  loss  of  but  some  13.46  per  cent  of  their  chemical 
constituents.  .  .  .  Natural  joint  blocks  brought  up  from  shaft-s 
were,  on  casual  inspection,  scmiid  and  fresh.  It  was  noted,  how- 
ever, that  on  cxposiuc  to  the  atmosphere,  such  not  infrequently  fell 
sway  to  the  cimdilion  uf  -i^md."     (Merrill.) 

Oxidation  affects  especially  ihc  iron  minerals  and  thus  brings 
about  cor»picuouft  colour  changes,  for  iron  t^impouiiils  form  (he 
principal  colouring  mutter  of  the  rocks  and  soils.  Ferrous  com- 
pounds give  little  colour,  but  the  rocks  in  which  they  occur  are 
apttohavca  blue  or  grey  tint,  due  to  other  substances,  both  organic 
and  inorganic.  When  such  rocks  are  exposed  to  the  action  of  air 
and  water,  the  ferrous  (itrnpouiiils  arc  oxidi/t-d,  jjru<]ucing  ferric 
oxide  and  ferric  hydrates,  the  former  giving  a  red  colour  and  the 
latter  various  shades  of  yellow  and  brown. 

When  fired  in  a  kiln,  a  blue  clay  will  yield  red  bricks,  by  the 
conversion  iit  FeCOa  into  Fe^,.  In  nature,  rain-water  effects  a 
similar  change,  and  the  contrast  between  the  superficial  and  dcep- 
seuted  parts  of  the  same  nxk  is  uflen  as  f;re-at  :i^  between  blue  clay 
and  red  brick.  U'caihemI  blocks  stained  red  on  the  outside  arc 
often  blue,  fcrcy,  or  nearly  black  on  the  in.iide,  1>e>:ause  the  change 
has  not  affected  the  whole  muss. 

An  especially  important  and  widespread  cliange  ts  (arbonali««, 
due  to  tlie  carbon  <]ioxide  which  all  natural  vraXtn  contaia  tn 
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greater  or  kas  quantity.  The  silicates  are  attacked  and  decom- 
posed in  a  manner  that  will  be  ex]>laincd  below,  and,  under 
ceruin  circumstaDccs,  the  insoluble  ferric  hydrates  are  converted 
into  soluble  ferrous  carbonate. 

Finally,  solutitm  plan's  a  hi|;hly  important  r6Ie  in  the  destructive 
work  of  the  min.  All  nxk-s  ccmuin  some  soluble  material,  and 
when  (his  soluble  material  is  removed,  the  roclc  crumbles  into  a 
(ri^tc  muw,  which,  on  <ompiete<)iwnt(');ration,  forms  soil.  This 
may  be  illustrated  by  a  block  of  frozen  earth,  which  is  as  liard 
ks  many  rocks,  being  ccnwntwl  by  the  ice  iTystals,  which  bind 
the  particles  of  soil  lo^cihcr.  li\Ticn  the  ice  is  melted,  the  mass 
immettbtely  lH.■c()me^  incoherent.  So,  in  the  rocks,  the  re- 
moval of  even  a  small  quantity  of  soluble  material  often  causes 
the  whale  to  crumble.  Rxcept  veiteiable  moulds,  al!  soiltt  are 
derived  from  tltc  decay  and  disintegration  of  rocks. 

The  chemkal  eomposition  of  the  rock-forming  mineraU  varies 
so  much,  that  the  processc*  which  dcstniy  them  miisl  vary  corre- 
spoiwliiiitly.  differini!  in  the  ca.ic  of  the  igneous  rocks,  on  the  one 
hand,  fmm  that  of  the  sedimentary  rock.'',  on  thr  other. 

Most  iRDeous  rocks  are  made  up  of  crj-slals  of  some  kind  of 
idspar  (see  p.  13),  ii»odatC(I  n-tlh  such  minenil^  a»  uugite  (p.  16), 
borahlende  (p.  i6).  and  quartz  (p.  la).  In  ((Tanite,  for  example, 
which  Li  com]xMed  of  ortlxxiase  felspar,  quartz,  and  mil's  or  horn- 
blende, rain-water  slowly  attacks  the  orthocUsr  by  dissolving  out 
the  poia.^h,  pn>liably  as  a  carlionate,  and  also  a  coiBi<lerable 
proportion  of  the  combined  silica.  The  aluminous  silicate,  which 
(oftiw  the  residue.  Is  hydrated  as  kaolinite  (AltOa,  3  SiOt,  i  HfO), 
forming  clay,  while  the  quartz  is  little  or  not  at  all  afTeded. 
The  mica,  if  present,  is  very  slowly  attacked,  the  hornblende 
morr  readily. 

The  decomposition  of  granite,  then,  results  in  the  formation  of 
rlay,  through  which  are  krattcrcl  llakcs  of  micii  (if  mica  were  orig- 
inally present)  and  the  unaltered  ^raias  of  qtiarlz.  In  the  other 
igneous  rocks  the  manner  of  decomiKwilion  is  essentially  similar; 
the  cooqilex  silicalea  are  broken  up  into  simpler  compounds,  clay 
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being  derived  from  ihc  aluminous  silicates,  especially  the  ri-lspars, 
while  ihc  quartz,  if  present,  is  broken  u;i  into  frdRinents  and  forms 
sand.  The  b.ises,  pidttsh,  x<x\a,  lime,  magnesia,  imn,  etc.,  arc 
removed  in  solution,  chiefly  as  carbonates,  and  more  or  less  of  the 
silica  is  idsii  di.vuilved  and  rarried  away.  Even  when  an  igneous 
rock  is  yet  firm  and  hard  and.  to  the  naked  eye,  appears  to  be 
quite  uncliangeil,  the  niii  ro8it)pe  often  reveals  the  first  stages  of 


decay. 


Flu.  3). —  Bouiden  ol  wcailicrlng.  EMon  Ml.,  Ariionu.    ( i*Jiologr'ph  by  A.  E. 
Kuckctl.  F'luKtlair,  AtiionHj 
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In  most  tropical  regions,  where  there  is  a  long  dr>'  season,  fol- 
lowed by  a  wet  season  of  violent  rainfall,  the  manner  of  decay  is 
charactcristiciilly  different.  The  feUpars  and  other  aluminuus 
silicates  lo,*c  nearly  all  of  their  silica,  so  that  the  tew'duc  is  the 
hvdratcd  oxide  of  aluminium,  not  th«  silicate,  ajid  the  iron  is  oxi- 
(lijced,  forming  nmlul^  and  ma.vieit  anil  staining  the  whole  a  deep 
red,    This  cbaraclcristic  warm-country  soil  is  called  talmtt. 
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V'crr  many  Igneous  rocks  wcaiticr  into  heaps  «nd  maise»  ol 
nmndnl  bauJctera,  which  are  often  m»iiikm  (ur  the  <lqxwiu  made 
by  ^odcfs.  The  sphcroidfil  slupc  is  due  lo  ihc  more  rapid  decay 
of  ihe edigcs of  Ihe oripnal  joint  bluck^,  whiih  are atLitknl  on  both 
sides  at  oocc.  As  the  edges  nnd  angles  arc  removed  more  quickly 
than  the  brood  btces  of  (he  block.-',  a  rounded  form  revulu.  Once 
acquired,  the  round  &hnpc  b  long  retained,  because  then  decay 
pcttelnUes  at  a  nearly  equal  rale  from  all  parts  of  (he  surface. 

Rocks  which  arc  themselves  comjioM^  of  substances  derived 
fmm  the  decay  of  older  rocks  are  at(a<'keit  in  their  turn  and  yield 
material  for  new  foTmattons.  These  derivative  rocks,  such  as 
•tantfeionci.  slates,  atM)  limestones,  are  affected  in  characteristic 
wa>T  by  the  ntin. 

Sandston«:s  are  composed  of  grains  of  sand  (quart/.,  SiO,)  ce- 
tsent«l  Irigether;  the  retncnting  subslawe  may  be  silica  itself, 
lome  cnmpoum)  of  iron,  such  as  Fc/},,  or  carbonate  of  time 
(CaCOi),  and  t)ie  disMdting  away  ol  (he  cement  causes  the  ruck 
In  cnunbic  into  sand.  In  a  sandstone  with  siliceous  cement  the 
action  is  excessively  slow,  atmiHpheric  waters  ha«nf[  verj-  little 
effect  upon  silica,  but  underground  it  is  slowly  attacked.  Kcrric 
oxide  (Fi',0^  is  likewise  unchan^!  by  niin-water,  tmi  beneath 
the  soil  it  if,  conv'crtcd  into  the  soluble  carbonate  and  removed. 
TTw  uppermost  Ujers  of  red  sandstone  are  often  thus  completely 
(fisinteiiratnl  into  lonsc  sand,  bleached  by  the  removal  of  the  iron 
which  gave  it  its  coiour.  Carbonate  of  lime  is  very  soluble  in  water 
containing  carbon  dioxide,  ns  .ill  rain-water  di>cs,  and  in  .'<aTV(]stone>( 
H-itb  calcareous  cement,  disintegration  is  rapid.  In  sandstones 
and  sJata  it  is  the  remcnting  sulistance  which  i«  removed,  leaviiif; 
the  grain*  "f  sand  orffarliclcsof  clay  unchanged.  This  is  lircausc 
the  materials  of  these  rocks  were,  for  the  most  (wn.  originally 
dcrivn)  frtun  Ihe  dcccnn position  of  the  igneous  rocks,  and  the 
minerals  which  comfMMe  them  are  already  ol  a  very  siro[Je  and 
stable  character. 

The  sandstones  are  largely  employetl  for  building  malcnals,  and 
their  value  and  permanence  for  such  purposes  depend  principally 
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upon  the  character  of  the  ccmentinj;  substances  in  thetn,     For 
this  reason,  the  siliceous  and  ferruginous  sandstones  are  the  moat 


^^^Mt 


Fia.  34.  — SotI  originitins  in  pUc«  by  ihc  dccompoMilon  oT  undtione 

durable,  thuse  with  calcjireous  cements  usually  yielding  with  com- 
rali\'e  rapidity  to  the  attacks  of  the  weather. 
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and  shslo,  by  removal  uf  their  soluble  consticucnis, 
cnunble  down  in(o  da)-. 

I  jincs(tin»  arc  among  the  few  rocks  which  are  chiefly  or  cnliHy 
made  up  of  soluble  maierial,  the  cjifbonalc  of  lime  (CaCOi). 
This  is  xlUcked  by  the  rain-water,  dissolved  and  carried  away  id. 
sulutioo,  while  ibe  inaoluble  im[>urities  contained  in  the  nick 
rcinun  to  form  soil.  The  proportion  of  such  impurities  varies 
greatly  in  different  limestones,  and  hence  the  residual  soil  will 
far)',  but  it  is  gciwmlly  a  clay,  since  (hat  is  much  the  commonest 
of  (he  impurities  in  limestone.  Sand  also  occum  in  limestones, 
ctUui'  with  or  willioui  cliiy.  Ulien  the  sand  forms  :i  cohertmt 
mass,  out  of  which  the  calcareous  material  has  been  dissolved,  it 
Es  railed  roUoi  slonf. 

The  ^dual  formation  of  soil  by  the  disintcRnilion  of  rock  may 
be  eaftily  oliservcd  in  ejirava lions,  even  shjillovr  ime^,  such  ok  cel- 
lars, wells,  railroad  cuttings,  and  the  like.  At  the  surface  is  the 
true  soil,  which  i«  ii.^uully  tbrk -coloured,  due  partly  In  the  admix- 
ture of  vegetable  mould,  parti}'  to  the  complete  oxidation  and  hy- 
dration of  its  mincraU.  Next  follows  tlic  subisoil,  which,  owing  to 
Ihr  absence  of  vegetable  matter  and  Ihc  less  complete  oxidation 
and  hydration,  is  of  a  lighter  colour.  The  subsoil  is  frequently 
diWHcd  into  distinct  la}'ers,  and  often  ccmtoins  unaltered  masses 
at  the  parent  rock,  which  liave  resisted  dccomjiosiiion,  while  the 
surrounding  [Mirts  have  iKtume  entirely  (tt>inlegrii[ed.  lly  im- 
pcTceptililc  gmdations  the  subsoil  shades  mto  what  looks  like 
unAllcreil  nxk,  but  ta  friaMe  and  crumbles  In  the  lingers;  this  is 
roUtn  rork.  From  this  to  the  firm,  unchanged  ruck  the  passa^ 
is  cqtnlly  gradual. 

In  Ihc  Dorlhrra  portions  of  the  United  States  the  soil  is,  in  most 
locUitie»,  uf.  only  moderate  dejillis,  because  at  a  late  period  (geo- 
lofpcaUy  speaking)  thb  region  was  co^tred  with  a  great  ice-shcet( 
which  *w«p(  away  much  of  the  accumulations  of  ancient  rock 
dctay.  In  the  parts  of  the  country  where  the  ice-sheet  did  not 
come,  (he  soil  is  much  dee]>er,  and  in  tropical  lands  it  attains 
nmarkable  depths.    In  our  Southern  States  the  fdspathic  rocks  ut 
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often  found  thoroughly  diMnlvjiinited  t<i  dept^  of  50  or  100  feet, 
while  in  Brazil  ihc  soil  is  often  joo  to  300  feet  deep. 

Th<'  met  liiiniciil  elTerl  iif  niin  is  less  extensive,  jicrhaps.  than  its 
chemical  work  of  disintcf^tion,  but  is  very  important,  ntverthc- 
less.  Under  ordinary  conditionH,  this  mechuniciil  work  consists  in 
the  washing  of  soil  from  higher  lo  lower  Icxcls.  How  consiiler- 
alile  i«  the  movement  u(  !,oil  tliat  hiLt  thus  l>een  brought  about,  may 
be  imagined  when  one  sees,  after  a  heavy  rain,  ihc  rills  which 
run  i)ver  the  sliijieN,  muddy  and  iharRed  with  sediments,  and  how 
turbid  the  streams  Ix-come  with  the  wiil  which  the  rain  washes  into 
Ihem.  Itarc  soli  U  r.ipidly  torn  up  and  washed  away  by  the  action 
of  rain,  but  a  aivering  of  vegetation,  and  »jK-rially  of  the  clastic  and 
mailed  stems  and  roots  of  grasses,  much  retards  the  action. 

Other  things  l>eing  e([ual,  ihe  rapidity  with  which  the  rain 
sweeps  away  the  soil  depends  upon  ihc  stccpnc&s  of  (he  slope 
upon  which  tlie  stiil  Is  formed;  for  gravity  Wgely  deteriuines 
these  movements.  On  cHffs  and  steep  hillsides  the  suil  b 
quickly  removed,  and  in  such  [>laces  it  i«  ihin  or  quite  lacking, 
while  in  the  valleys  it  often  accumulates  to  peal  depths..  Kven 
on  gentle  slii[)es  and  almost  level  .ttreictie*  the  rains  slowly  wash  il 
downward,  and  eventually  into  the  streams  which  earn,'  it  to  ihe 
»ca.  The  soil  is  thus  not  stationary,  hut  under  the  influence  of  the 
rains  and  stream*  h  slowly  but  stodily  travelling  seaward.  Dis- 
re^rdinj;  the  alluvial  dc|X)sits  made  by  rivers,  and  N»ili  accu- 
mulated by  Ihe  action  of  ice  or  wind,  the  soil  of  any  district  is 
thus  a  residual  product,  and  its  quantity  represents  the  surplus  of 
chemiad  disinlegr.ilion  over  mechanical  removal. 

The  mechanical  action  of  rain  is  greatly  increased  by  extreme 
vjulence  am!  volume  of  precipitation;  a  single  "cloud-burtt"  will 
do  far  more  damage  than  the  same  quantity  of  rain  falling  in 
gentle  .ihowere.  Tliatc  who  know  only  the  temperate  r^ons  can 
form  but  imperfect  concejUions  of  the  violence  of  tropical  rains. 
On  Ihe  southern  foot-hills  of  the  Himalayas,  for  example,  the  rain- 
fall is  exceedingly  grciil  (in  some  localities  .1.1  much  as  500  inches 

T  annum),  and  almost  all  of  it  is  precipitated  in  six  months  of  the 
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ar;  especially  miurlcahle  is  ihc  quantity  which  often  falU  in  a 
ngle  day.  "  The  r hannci  nf  pvcry  Inrront  and  i^in-am  is  swollen 
this  season,  and  much  sandstone  and  other  rocks  are  reduced 
Ninct  and  xravel  liy  ih*;  fluodwl  streanLs.  So  )[m(  i.«  ihe  su|)eT- 
iai  wsstc,  that  what  would  otherwise  be  a  rich  and  luxuriantly 
ooded  r^ion  is  converted  intu  a  wild  and  liarren  moorland."] 

-yen-) 


lU.  s.  o.  S.) 

'  action  of  rain  is  tiia^  by  no  nieanH  uniform,  the  results  dp-  j 
nding  upon  so  many  and  such  varying  factors,  ihnt  «-e  may  find 
irked  diflerencea  in  closely  adjoining  regions,  and  even  in  one 
id  the  5ame  maw  of  rock,  Om-  of  ihr  mi»t  rrmorknble  monu- 
BOls  of  rain  erosion  is  exhibited  l>y  Ihe  curioas  districts  in  the 
r  Western  Sialo  knon-n  as  the  hati  tamls,  which  cnv-cr  many 
(>iisat>cls  of  sqture  miles  in  the  Dnkotas,  Nebraska,  Wvominj;, 
tab,  etc.  The  bad-land  rocks  are  mostly  rallier  soft  ^.ii>ilstnne» 
id  dan,  with  prevailingly  cakarcous  cements,  and  formed  in 
sHr  horieoDial  beds  or  byers.  The  rainfall  U  light,  though  j 
titawm  .sometimes  occur;   but  the  absence  uf  vcgcta-l 
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lion  18  hvntirable  t«  its  ciTicicncy,  arnl  the  present  nridity  of  the 
ctimatc  h  not  of  very  long  standing,  from  a  geological  point  of 
view.  The  chemiral  artiun  of  the  rain  h;Ls  dliintCKratet)  the  mrks 
by  di^oK-ing  out  the  calcareous  cement,  and  then  the  d^ria 
so  formed  bait  been  mechanically  tviuhcd  away. 

At  the  present  time  the  action  of  the  rain  b  very  slow,  because 
the  dfljri.'*  uhich  covers  the  iides  of  the  cliffs  and  slopes  is  alnu^t 


t'lG.  30,  —  [i^fi  Ninili  ju-Ar  H^ilf^ii^,  Nctirithlt.*.  'Ilir  ruck  in  Ihr  ruuliLk  iji^jancp  i\ 
MndiUHiF  fbnncd  in  o  s'tum-chaanvl  snd  lh(  bluRt  arc  ttood-plain  dtposiU. 
(U.  S.  G.  S,) 


impervious  to  water,  and  holes  left  after  the  excavation  of  foosi! 
skeletons  often  remain  i-i.-iibie  for  many  yeant;  hut  where  the 
bare  rock  is  expiwed,  the  disintegration  often  proceeds  with  e«- 
traordinary  rapidity,  and  a  single  shower  will  produce  notaUe 
efteds-  The  <]iffereni  layer*  of  rock  resist  decay  difTerenily,  and 
in  the  same  bed  some  parts  are  much  more  durable  than 
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othcfs.  This  differential  weaUicrin);  has  resulted  in  tliat  rematlt- 
alilc  variety  and  groteM^uencM  of  (orm,  TCnemliliTi^  tlw  ruins  of 
gigantic  lowers  and  castles,  (or  vhkh  the  bad  land  sccnciy  is 
famous.  The  sculpture  of  the  rain  {>ro<luceN  thiii  v:iriety  tn  m- 
oordance  with  the  arrangcineni  of  the  more  and  less  durable 
lajTrs.  The  varying  arrangement  of  these  layers  produces  a 
fanlastic  topography.    A  variant  of  Ixul-land  topography  is  given 


r  *  ■-..  ^- ' 


I  \V|uin|ji|[,  nilh  Miu*  *^u|Kt.     (L,  >.  Kf-  ^  ^ 


by  the  fiiUars  of  Monument  Park,  Colorado,  which  arc  due  to 
weathering,  the  capping  of  hard  nnk  protecting  the  »o{t  sandstone 
below.      (Set  Fig.  38.) 

The  mechanical  warfi  of  rain  U  greatly  retarded  when  the  ground 
is  covtTcd  with  dense  vegetation,  which  protects  the  soil  against 
ihe  impact  of  raiitdnjpf  and  llie  wear  ol  rain  rilU.  The  removal 
elation  is  often  speedily  followed  by  disastrous  remits, 
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and  i!S]>eri:il1y  the  fccklcsK  and  wanton  rletlruction  ot  the  forests, 
which  has  gone  on  in  this  country  ever  since  its  settlement  by 
Eurii|>eai)S,  has  Wen  follnweil  by  the  los&  of  valuable  soil  on  a 
vast  scale.    Speaking  of  the  soil  destruction  in  ihc  tild  Itclds  of 
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ttouihcni  MiK!(issi|ipi,  McGee  xuys  lliat  Ihey  are  washed  away, 
'  K-aving  mazes  of  pinniiclcs  divided  by  a  complex  network  of 
nuinels  glaring  red  toward  the  sun  and  sky  in  »tron{;  contra&l  to  the 


rkh  verdure  of  the  hilbidcsDcvcr  deforested.  .  .  .    Wwjle  villages, 
once  t)ic  homr  »f  wi^llh  aixl  luxury,  iirc  being  swept  avray  at  the 
f      rate  of  acns  for  each  year." 

I  It  b  to  be  bo|K(l  that  the  work  of  the  United  States  Bureau  of  Foiv 

estry,  in  endeavouriiiR  to  chedt  this  terrible  destnictiuu,  may  re- 
ceive the  »u|>jK>ri  it  mi  well  tieierves  from  ever)'  intelligent  lover  o( 
I      his  country. 

I  a.  Frost 

m^  The  term  /rvtl, ia  this  ctmnedion,  is  restricted  to  the  freezing  of 
^^iratcr.  Water  is  one  of  the  comparatively  few  sulisiancta  which 
I  ex]iatuf  i^iuidetiibty  on  .^oljili lying.  Tlii.i  e.\|iiins)(>i)  amounts  to 
about  oi>c-elc»t:nth  of  the  original  bulk  of  the  water,  and,  cwrt- 
ing  a  pre!»ure  of  .sonKwhat  more  than  7000  poun(l.i  per  M)uare 
inch,  takes  place  with  iTTesistiblc  power,  bur<.ting  thick  iron  vc»els 
like  egit'Sheltt. 

Flvciepttng  loose,  incoherent  masses,  like  sand  <ind  gravel,  no 
ntck^  ore  foitDed  of  continuous  sheets  of  iiuleriul,  but  ure  rather 
to  be  cutBidered  ns  nia^e»  of  blocks,  divided  by  JMtits  (see 
pp.  5  and  i,)6).  In  addition  to  these  visible  clefts,  the  blocks 
are  trarerted  by  mtniile  cre\'ic<s,  rifl*,  and  pores,  all  of  which 
openings  take  up  and  retain  quantities  of  water,  as  may  readily  be 
ccen  by  e.taminin):  frethly  <|uarried  »tone.  When  ex)Kise«i  to  a 
l»w  lemficrature,  Ihc  water  freezes  and  forces  out  the  large  blocks 
and  shaiters  ibeni  into  pieces  of  smuUer  aiui  smaller  she.  The 
^agnwnls  thus  formed  arc  called  Ititus,  and  great  accumulations  of 
(Urh  blodut  are  found  at  the  foot  of  cliffs  in  all  regioas  where  the 
winters  are  at  all  severe.  Talus  accum\ilutiuns  are  idsci  formed  by 
tnher  agencies,  as  will  be  seen  in  the  sequeL  Alternate  freezings 
■od  thawings  tioi  only  break  up  rocks,  but  cause  the  broken 
fraipacnts  and  soil  lo  work  their  way  down  slopes.  Each  frcci!ing 
aitBCS  tiw  fragments  to  rise  slightly  at  right  angles  lo  ilie  in<'line«l 
surface,  and  each  thawing  produces  a  rcvcnc  movement;  beiKC 
the  »low  CTftp  d'jwn  th<;  s1"|m.'. 
Tbc  action  of  fmsl  is,  of  course,  practically  a^ 
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lands  of  the  troijics,  but  in  high  mountains  and  in  all  countries 
which  have  cold  Kintcrs,  frost  is  an  agent  of  great  importance  in 
the  mcchuiii<';il  Khiutc^ring  of  rocks  and  tinw  di'^Iruclion  of  cjifTs, 
The  hardest  roc  Its  arc  shivered  into  fragments  and.  dislodged  from 
their  place.-t,  the  frufcments  roll  down  the  mounlain  »ide  Uli  thi^ 
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come  to  rest,  perhaps  thousands  of  fed  bciow.  Immense  accumu- 
lalions  of  frost-mude  lidus  are  to  be  found  in  such  places  as  ibe 
foot  of  the  Piilisiidcs  of  the  Hudson,  the  abrupt  southern  slope  of 
the  Delaware  \\atcr  Gap,  and  wherever  cliffs  or  peaks  of  naked 
rock  are  expo^etl  to  severe  cold.  Many  mountain  pusses  arc  m) 
bombarded  by  fjilling  stones  as  to  be  extremely  dangerous;  in  the 
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I  Nm'ada  of  California,  talus  slopes  a.t  mucli  su  4000  feet  high 
are  reptwled,  uU  iHe  work  n(  (rist.  At  Sherman,  where  ihc  Union 
Pacifk  Kailroad  cro««s  the  "(onlincnlal  divide,"  ihe  fcrcitind  is 
covered  for  niiles  witli  smull,  angular  fnigiDents  of  granite  broken 
up  by  the  frost. 

In  liw  pol;ir  rcgl«ns  frost  is  probably  the  most  imporiant  of  the 
dUiniegraling  agents.  In  SpitzbcrRen  Becchy  found  lh;it  In  sum- 
mer the  mountain  dop«&  ibiiort)  <]uaiilili«$  of  water,  which  freezes 


in  winter  with  very  deflrwti»*c  effeei.  "Jfas-ies  of  rock  were,  fn 
a>nf«<]uena;,  rcpcutcdly  deiached  from  the  hills,  accompatiinl  by 
a  loud  report,  aitd  falling  from  a  gre:ii  heifcht,  were  shattered  to 
faagHKtit*  It  Ihe  base  of  the  mountain,  there  to  undergo  more 
npid  disintegration."  Similar  phenomena  are  reported  from  the 
Aleutian  ItJands  rjf  .Alaska. 

Ttic  actioo  of  frost  is,  in  itself,  purely  mechanics];  no  chemical 
cbanjce  is  occuloned  by  it,  and  the  :MnalI«.vt  fnigmenLs  into  whieb  a 
block  may  be  tiveo  are  sharp  and  angttlar,  and  the  minerals  have 
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unaltered  and  shining  faces.  But,  on  the  other  hand,  frosl  pre- 
pares the  way  for  ihe  more  rapid  action  of  rain  and  (>ercolatit^ 
watcre.  The  effects  o(  these  agents  are  produced  upon  the  surface 
of  the  rocLs  and  the  walls  of  the  crevices  which  run  ihrougb  (hem. 
By  brcjiking  up  the  blocks,  the  frost  greatly  increases  the  surfitce 
and  thiis  facilitates  the  work  of  the  rain.  A  breaking  up  of  one 
cubic  foul  into  cubic  inches  multiplies  the  exjxi.sed  surface  by  I3. 
Frost  is  an  cxtrMnely  superficial  agent  and  acts  effectively  only 
a  few  feet  below  the  .•mrfaie.  In  the  |)olar  reRious  the  ground 
is  permanently  frown  In  a  depth  of  scvcr.il  hundred  feet,  but  the 
shatterinf!  of  rocks  requires  alternate  freezing  and  tha  wings. 

Rain  and  frost  are  agents  whose  effects  arc  most  important  in 
regions  of  mnJM  climate  and  .ibundant  rainfull,  for  both  ;tre  forms 
of  the  activity  of  ivater.  Few  regions  of  the  earth's  surface  are 
altogether  rainles.K,  but  nearly  all  of  the  contitient^  have  great 
desert  areas  in  which  atmospheric  precipitation  is  very  light.  It 
might  seem  that  in  such  de.terls  the  work  of  rock  disintej^ration 
must  be  practically  al  a  standstill,  and  that  the  circulation  of  ma- 
terial must  lie  so  slow  as  to  lie  hardly  distinguishable  from  com- 
pietc  stagnation.  Ivven  in  these  regions,  however,  the  nun 
accomplishes  something,  and  it  is  aided  by  other  agencies  which  in 
moi.^t  climates  play  a  much  more  miHlesI  rAle;  these  are  the  changes 
of  temperature  and  the  wind. 

3.  Changes  of  Teupebatcse 

In  moist  and  equable  climates  these  temperature  changes  arc  of 
ven-  subordinate  itn{)or1ance  as  a  destructive  agent  and  act  chiefly 
in  giving  an  easier  passage  to  percolating  waters.  In  arid  regions, 
on  the  other  band,  especially  on  high  mountains  and  plateaus, 
whrre  there  are  great  differences  of  temperature  between  day  and 
night,  this  agency  liecomes  much  more  important.  Duriof;  the 
day  the  naked  rocks  are  heated  very  hot  by  the  full  blaze  of  the 
^">,  while  at  night  the  rapid  radiation  which  occun  iu  dry  and 


CHANGES  OF  TEMI-ERATURE 


thin  air  diilb  ibe  outer  U)^!^  of  rock  vcty  quickly,  and  tbey  at- 
Icmpi  to  contract  upon  the  still  hvatecl  and  exiuindMJ  interior. 
Thus,  stresses  are  set  u)>  which  the  rock  canuot  miiit,  and  pieces, 
gnat  and  sinall,  arc  split  08  from  il>c  surface^  In  ihU  miiniKr 
great  talus  slopes,  like  thii^  due  to  frost  action,  nccumidatc  at 
the  fool  uf  cliffs  and  on  mountaJD  slopes  in  all  dry  regions  which 
have  hot  days  and  cool  nights.  Even  when  the  rocks  are  iMt 
shaitered  to  jiieces,  their  creiices  and  fissures  are  slowly  widcnet!. 


iiu.  41.  —  SiBODthnfoUaiciltufttceafgnniM,  Mktopotllilli.  Rlioduin.  South  AMc* 


Certain  rocks,  nolahly  granites,  fx/oliate  under  e)rtrcm<;  Icm- 
peralure  changes,  that  is,  the  surface  poni<ins  split  off  in  large 
sheets,  which  nay  be  of  almottt  any  thickness,  and  are  either  Hal 
or.  more  conimonly.  arc  curved.  In  this  way  arc  produced  the 
granite  domes  which  are  fouml  in  so  many  parts,  of  the  world, 
such  as  those  of  the  Yoscmilc,  Stone  Mountain  in  Georgia,  the 
MalopOft  HOls  in  South  Afrit-a.  Tlie  smooth  slo|>cs,  due  to  ex- 
loUuioii,  ve  often  dccq>ii\Tly  like  those  worn  and  lunouthed  by 
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glaciers,  a  resemblance  which  h  hei^hlened  by  the  large  boulden, 
remnants  of  exfuliated  masses,  which  often  occur  upon  these 
slopes. 

The  cfTect  of  temperature  changes  is  fre<];ien(]y  the  disintegration 
of  rocks  into  minute  fragments.  This  extreme  HTcct  is  especially 
noteworthy  in  those  igneous  rocks  which  are  coarsely  ('ryi>iiilline. 
A  rock  of  this  kiiul  is  made  up  ii(  sewral  different  mineral*,  each 
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of  which  hiis  Its  own  particular  rate  of  expansion  and  contraction, 
and  thus  the  panicles  arr  subjerted  to  i-^treij.ses  which  K'udualty 
separate  ihem  and  cause  the  rock  to  crumble-  In  Kg\-j)t  one 
may  pick  up  granite  fmgmenu  from  the  ancient  monuments  which 
will  break  into  small  pieces  upon  ven'  slight  pres«ure.  The 
^•pfian  obelisk  in  New  Vork  seemed,  when  first  brought  to  thb 
try,  to  be  perfectly  sound  and  fresh,  but  the  severe  winters  of 


AlliBtk  sfoboiircl  speedily  showrrd  how  the  granite  had  been 
[ttfied  and  weakened  by  ihe  centuries  of  exposure  lo  iem]>eraiure 
inges  in  the  dry  dimme  vt  Egypt. 

of  temperature  do  work  of  a  purely  mechanical  kind, 
1  does  fro«t,  and  are  even  mure  entirely  »uperliciid  thiin  the  latter, 
for  a  thin  eoi-cring  of  dfbris  suffices  to  put  an  end  to  their  efficiency. 


Fll^  4^  —  Exlu^BtKJn  e4|(iAcule(t  fnnicr,  ^^[-:rj  \i 


4.  Wind 

The  wind,  of  it»elf  and  unassisted  by  hard  {mrticle,  can  ac- 

iin^tth  bat  little  in  di-intcRrstini!  6rni  rocks,  but  on  high  moun- 

lin  crcsU  am)  "  knife  iiiKcv,"  where  lite  wind  blows  with  i^eat 

iw,  it  may  aci-omplish  con.sidciub)c  destruction.     When,  how 

the  wind  M  able  to  drift  along  quantities  of  sand  and  fine 

ivri.  h  becomes  a  di«inlc)icraling  agent  of  inig>»r1ance.     Exce|>t 

sandy  coa#i^.  iliis  agency  is  of  small  efficiency  in  rcginns  of 

Itnary  rainfall,  because  in  these  Ihe  soil  i%  proiected  and  held 
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loj^thcT  by  its  cowrinR  of  vcgeiation.  On  sandy  coasts  wc  may 
often  oliser\e  the  iil>rii<ting  effects  r)f  wind -<] riven  sand.  In  n 
Cape  Cod  light-house  a  single  heavy  gale  so  ground  a  platc<glass 
window  as  to  render'tt  opaciue  and  usetes-s,  and  on  tliat  niime  io;i»t 
window-piini-s  arc  sometimes  drilled  through  by  the  sand  Hying 
before  a  (itorm.  Fragments  of  gbss  lying  on  the  Siind  dunas  are 
soon  worn  as  ihin  as  a  sheet  of  pnjwr. 
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In  arid  regions,  and  more  (^sprciiilly  in  :iandy  deserts,  high 
winds  sweep  along  much  sand  and  fine  gravel,  which  arc  hurled 
againvt  any  nliHtarlc  and  gradually  cut  Jt  away. 

Ven,'  hard  rocks  yield  but  slowly  lo  the  culling  action  of  wind- 
driven  sand,  and  in  iheni  the  chief  effect  to  be  obstned  is  a 
scratching  and  polishing  of  ihc  surface.  The  same  principle  is 
enipIo)-ed  in  Ihc  sand-blast,  which  is  a  jet  of  sand,  driven  at  a 
high  velocity  and  ui-mI  to  engrave  glaN>,  giolish  gruntle,  and  do 
Other  work  of  the  kind.    Soft  rocks  arc  quite  rapidly  abraded  aiul 
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rut  dnwn  by  the  drifting  sand,  and  f^  to  increase  the  ma*»  of 
cuiring  maiemi.    The  softer  pans  are  cut  jinjiy  first,  Itovihr  ihc 


no.45.  —  Wliul-KiiiMunfliMilaone.  IUackHUlik.S«iit>l)akaU.    (n.&CS.) 
huder  tayeis,  strealu,  ur  patches  standing  in  relief.    In  ihu  way 
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very  fHiita^tic  forms  of  rocks  are  frequently  shaped  out;  pot-holes 

-and  caverns  arc  excavated  by  the  eddying  drift,  and  nrchwara 

cut   thnsugh    projecting  masses.    {Sec   Frontispiece   and   Figs. 

45-46) 

A.s  the  winti  <ioes  not  lift  ihc  liardcr  and  heavier  panicles  to 
any  great  hdglit,  Ihe  principal  effect  is  produced  near  the  level 
of  the  )^>und,  and  ibus  masses  of  rock  arc  gradually  undermined 
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and  fall  in  ruins,  which  in  (heir  turn  are  slowly  abraded.  Isolated 
blockA  are  sometimes  so  symmetrically  cut  away  on  Ihe  under  side, 
that  they  come  to  rwt  upon  a  very  small  urea  and  form  rucking 
&toncs,  which,  in  spite  of  their  size  and  weight,  may  be  swung  by 
the  hund. 
The  6ne  particles  abraded  from  the  rocks  by  drifting  sand  have 
iergone  no  clicmlc^l  change,  tlie  process  bnng  entirely  me- 
,1. 
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sfandiDg  tSvOs  of  viDd-4rirat  sand  mar  be  ohsM^xd  in 
dcscn  rcpin  where  naked  racks  are  e;c[Ki«ei!.  a>.  fur  c-xamfile, 
the  arid  puts  of  Utah  and  Aruona.  One  nxy  characicristic 
effect  of  (hb  natural  land-bla^i  L<  found  in  the  apfieannce  of  ibe 
pebbles  shaped  by  it.  Pebbles  of  very  hard  and  homof^neous 
matcnab,  such  as  quartz  or  dulcedony,  are  liinhly  |>alisbed. 
Thme  made  fratn  tgneous  rocks  hat^e  ifae  softer  miDenik  wom 
away,  Icaniut  (he  harder  lo  stand  in  relief  in  curious  patterns, 
irliile  limeitiine  is  rarred  into  beautiful  arabesques. 

The  kind-driven  sand,  which  docs  Ibe  work  of  abrading,  is 
ItieU  abraded  and  grows  finer,  the  Iun);er  the  clLitance  which  it  irav- 
crvA. 

We  hare  teen  that  the  tain  i»  slowly  shifting  the  hmI  seaward, 
Bi»d  in  dry  countries  the  wiinl  ads  in  simitar  fashion.  Strong 
winds,  blowinjt  steadily  in  one  direction,  curry  i;rva(  quantities  of 
dust  and  fine  sand  with  them,  sonKtimrs  directly  into  the  k«  or 
oiber  bodies  of  water,  somelJOKs  into  rivers,  or  again  to  moister 
rc^DOs,  wlwre  it  rnmcs  under  the  inlliirncr  of  ihe  rain. 

Slowly  as  ihey  work,  the  wind  and  tcmpcraiitrc  changes  pnn'cnt 
an7  cnnipkle  stagnation  in  the  rireulution  of  maieriid,  and  thanks 
tn  ihem.  the  procc«ies  of  <lbinie;rnition  of  rock  and  tran$|Mna- 
liuii  of  M/il  arc  kepi  up  eten  in  the  drycil  deserts. 


CHAPTER  V 
DESTRUCTIVE  PROCESSES.  -  RUKiriHG  WATER 

T(i£  source  (if  all  running  n-atrr,  whether  surface  or  under- 
^)uiul,  b>  atin<M|ihcric  precipiiaiion.  All  spnnp  and  Rircams 
are  merely  rnin  (or  snuw)  water  culleclcd  and  fed  from  rescT\-uirs. 
Theniin-waicTwhichfalUupon  ihc  land  is  disposed  of  in  three *rays: 
une  part  i^  rvtunied  to  the  aimmphere  by  R'aporaiion;  another 
pan  flows  over  the  surface  lo  the  nearest  vratcrcoursc.  The  re- 
mainder sinks  into  the  siijl  to  a  tcmicr  or  less  deinh,  and  ihouxli 
some  nf  ii  is  returned  ti>  the  surface  in  springs,  yet  a  great  part 
mwit  reach  the  sea  by  subterranean  channels.  The  sur&cc  tlow, 
logetbcr  with  llie  sup(iJy  from  )i])riitgs,  coi»litute»  the  "  run-ofi." 

The  relatire  pmptmiuns  of  these  three  parts  of  the  total  pre- 
cipitation vary  much  in  accardaitce  with  the  climate  and  with  the 
topnKra[>hy  of  the  land  nurfuce.  In  a  moist  climate  with  bcaiy 
rainfall  the  runoff  may  amount  to  one-half  of  the  precipitation, 
and  the  lo««  by  evaporation  Lt  at  a  minimum.  In  nrid  regiooE, 
where  cv.iporatton  k  very  great,  the  run-off  is  from  one-fifth  to 
zero.  Climatic  factors  being  equal,  run-off  incrca.ses  with  the 
stccpftess  of  the  slopes  and  is  thus  reLilirely  less  in  large  drainage 
lui»ins  than  in  small  ones. 


1.  TiiE  Ground  Water 

Within  the  soil  the  movement  of  water  is  in  difTerent  dir 
according  to  circumstances.    In  dimatcs  of  considerable  lainC 
which  ha^-c  no  lon^  dry  season,  the  movement  It  rhielly  ciownM^': 
<lue  to  gruvity,  but  if  thcR  trt  long  perjod.t  of  dn^ught.  ct'apundjun 
frcnn  (he  surface  causes  an  upward  movrmeni  of  the  water  by  ca[^ 
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r;  and  in  the  uofNcs  ifai«  upward  m»veinent  produces  cer- 
tain importaDI  and  characteristic  cCTccls. 

At  n  dei>ih  1>elow  ilic  surface,  nhich  varies  Kreatly  al  different 
times  and  places,  the  mil  and  i^Kks  arc  saluraled  with  water, 
wfai<.-h  h  called  the  ground  voter.  Near  iIk  sea,  or  other  bodies 
oC  surface  water,  the  gnmnd  water  m;iy  Se  verj-  lillle  below  ihc 
Mirface  uf  the  ^^ound.  whiic  in  arid  regions,  with  irreKuIar  topog- 
raphy, it  may  sink  to  great  (lefttlu.  Tii  tlte  caslem  United  Slates 
the  ground  water  is  encounlcrcd  at  depths  of  i-ioo  feet,  as  is 
shown  by  the  cuunUect  wdb  whicit  are  supplied  liy  it.  In  iIk 
limestone  plateau  of  eastern  Kentucky  and  Tennessee  the  ground 
water  is  from  300-300  feci  below  the  iturface  and  is  deiennined 
by  the  Icicl  at  which  the  surface  jtreatns  flow,  that  is,  Ihc  draintge 
inW  of  the  reipon.  In  llic  plateau  of  ihc  Colorado  Rii'cr,  which 
b  disM^cd  by  proft>undly  deep  cafii>ns.  the  ground  water  is,  in 
[daceH,  nearly  ,^{500  feet  from  the  surface. 

The  level  of  ihe  gmunit  water  is  thus  highly  irregular  Hn<l 
defiends  upon  the  amount  of  precipitation  and  upon  the  lopo- 
KTapbica)  features.  As  a  general  rule,  the  le\-cl  of  ground  water  U 
at  that  of  the  streams  and  rises  toward  the  divides,  but  less  steeply 
than  the  surface  uf  the  ground.  Simibrty,  ihc  ]|^und  ivater  lc\-el 
fiticttiatcs  with  the  rainfall,  rising  in  wet  seasons  and  sinking  in  dry, 
as  is  shiiwa  by  Ihc  failure  of  wdU  after  a  long  drought. 

It  b  usual  to  reiiard  the  ground  water  as  e%-erywherc  penetrating 
to  grejitdcplhs,  and,  from  ihis  point  of  vicWjit  is  frequently  called  the 
"  sea  of  proiiml  water,"  hut  there  is  reason  for  much  InMitatinn  in 
accepting  this  l>clief .  In  a  large  number  of  very  deep  mining  shafts 
m  vzriom  pans  of  the  world,  ami  in  both  humid  and  arid  regions, 
water  Is  found  only  in  the  upper  levels,  within  1500  feel  or  less  of 
the  surface,  while  below  the  mines  are  dn',  even  dusty.  Such 
>haftB  frcqtwntly  encounter  water  in  the  lower  levels,  when  they  iii- 
teiMrt  larffc  fissures,  and  this  indicates  that  water  descends  to  great 
depths  prini-i|ially  tlinmgh  such  t'lssures.  The  chariKter  of  the 
rocks  themselves  has  a  great  effect  upon  the  depths  to  which  water 
can  penetrate, — some  rocks  being  porous  and  with  such  open 
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jniDts  as  to  permit  a  free  [jossage  of  water,  while  others  are  almost 
impervious.  "  It  is  probable  Ibal  ihe  universal  presence  of 
gri)un<l  wiitcr  is  characteristic  of  a  comparatively  shallow  surface 
bch,  below  which  the  water  which  has  not  been  again  drawn  off  at 
tlie  Nurftire,  at  a  lon-er  level,  or  has  not  been  used  up  in  byclralion 
processes,  is  conccnltatcd  into  ihc  larger  fissures."     (SpuiT.) 

A»i(le  from  ihe  extremely  slow  movement  of  water  through  ihe 
mass  of  porous  rock,  undcrgfovind  waters  follow  the  larger  open- 
ing, such  as  joint-cracks,  bedding  planer,  etc.  The  inclination  of 
the  stratified  ruclu,  the  AlCemalion  of  porous  and  impervious  beds, 
and  the  character  of  the  joints  and  fissures  arc  thus  the  faciors 
which  determine  the  direction  of  flow,  especially  in  the  shell  of 
H-cathering,  where  the  rocks  are  not  saturated  with  water.  In 
soluble  riK'ks,  such  it^  liTne.'iI<>iie-<,  the  w;iler  may  dissolvr  out  its 
own  channels.  Surface  topography  has  but  a.  subordiliate  ejfcct 
upon  the  counte  of  un<lerKr()und  waters,  and  it  often  hapjiens  that, 
for  considembtc  distances,  the  surface  and  sublcmincaa  move- 
ment* of  water  are  in  exactly  opposite  directions. 

The  hciont  which  determine  the  movement  of  underKTound 
waters  are  of  f^reat  practical  im|>ortance  in  all  problems  of  drain* 
age  and  water  supply.  Serious  evils  ha^-c  followed  from  carelessly 
taking  for  Rrantcd  that  the  undergraund  flow  would  be  in  t)ie  same 
direction  .ts  tliat  "n  the  surface. 

As  the  movement  of  underground  waters  is  almost  alvra^'s 
excessively  .tlow,  llieir  mechanical  work  is  trifling,  but  chemically 
they  bring  about  important  changes.  The  water,  making  iw  way 
duwnw:ard  through  the  joints  and  bedding  planet  of  the  rocks, 
exerts  its  solvent  and  decomposing  action  upon  the  walls  of  ihe?;e 
crevices,  in  the  manner  already  described  in  connection  with  the 
work  of  rain.  Down  to  the  level  of  the  ground  water,  or  in  the  shell 
of  weathering,  percoLiting  waten<  ans  the  great  agent  of  dccom- 
ptwilton  and  therefore  always  contain  more  or  less  mineral  matter 

solution,  the  nature  and  (juanlity  of  which  dq>end  upon  the 

cter  of  the  rocks  traversed.    Below  the  ground  water  level 

shell  of  cemenltttjoii,  the  effects  are  more  reconstructive  than 
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duumbTCi,  IwMigh  miininii  un  ancntiuB  of  nmmnti  coottnue 
At  these  tuwET  Imb. 

In  pOMMOK  tlui>Q|Eh  Riaewnors  ta  the  &hril  of  wvatbenng,  per- 
cnlatiiig  <mias  desohv  diamwis,  gnat  wad  snuO.  ihrot^tfa  ilw 
rtjck.  Ptpcs  utd  sbik-faolet  arc  itu»ol«ed  downw-jctl  frtim  the  !iur- 
foce,  and  io  the  bbss  of  the  nxk  in^at  cavents  uc  funned  by  ibc 
soItch  power  of  Ifae  carfooiul«<i  »-3ie».    Sucb  arons,  a&  ibe 


I'll..  1^7-  —  Mnk-lMic  IQ  umoiucie,  nr^  Cimticin,  Wjuniinl.     (U.  S.  li,  S,) 


Mununotfa  Caw  uf  Kentucky,  for  exim))ilL',  are  "(ten  many  miles 
in  extent  and  hax'c  nmsidmblc  riven  flowin);  in  ihcm.  Indeed,  in 
Untstonc  rei;i(>n^  Ibe  »inuller  Mrcuntt  Kenvrally  bai-c  u  lunxer  or 
stHNler  undcf^wnd  courec.  'Hw  lower  level  of  ibe  caverns  it 
determined  by  the  general  drain^Ke  level  at  whicli  lite  tiurface 
ktreantii  flnts-.  tn  the  shell  "( remenUilion  the  mnvcment  <>f  water 
is  very  much  slower  and  its  solicnt  effects  arc  much  lessened.  The 
beds  of  n>ck-«ah,  which  would  Ion;  ngo  have  been  <li»!tolved  away 
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by  moving  watcrt,  are  found  iit  deplhs  wliich  mny  be  reached  by 
mining  or  boring. 
When  un<iergrounil  waters  become  hij;h]y  healed  through  n>n- 


l^^cffi 


Fio.  4«.— CaDon  and  lower  falU  of  the  YcllowMon*  Hi-na.    (U.  3.  O.  S.) 

toct  with  hot  rolcjinic  masses,  or  by  dcscm<ling  to  great  dqithx 
along  cbanncU  which  permit  a  return  ti>  higher  levels,  their  solvent 
efficiency  is  greatly  increased.    Koclu  penetrated  by  siK'h  Ihmul 


'        Fn.  49,  — PraMt  ot  TtatW  Mi,,  iihovine  <he  amount  uf  msifrial  raoiavad  in  Iht 
^^^  Frank  iwk-alide.    (Btock) 

^^ft^n  arc  profoundly  altered  in  characirr  and  comport  ion.  The 
^^Bl^ex  minenk  of  the  ixneouK  rocks  are  (li-(i)m]imMl;  the 
fdsiATB  become  opaque  from  the  (omuition  of  kaolin,  or  are 
alureil  to  hydratcd  micait;  mincraU  containing  magnesia  and 
iroa  fjic  t\*c  to  t^lc,  chlorite,  serpentine,  und  ihe  like,  while  the 
lime  oimpoiind.'i  are  cwnwrtcd  into  the  bicartionalc  and  carried 
■way  in  solution.  Some  uf  the  minenils  are  altereil  in  place,  and 
othen  arc  deposited  in  ihc  crevices  of  the  rocks.  Thermal  waters 
alim  alter  minerals  by  hringin);  in  new  niateri.-il  in  solution.  In 
Ihc  Yellowstone  Park  the  lavas  of  the  great  volcanic  plateau,  which 
ha»  been  deejJy  trenched  by  the  Yellowstone  Ri\er,  are  pro- 
fatoHUy  decompcMed  and  altered  by  the  hot  waters  which  traverse 

it. 

Eicept  in  cat-crns,  underground  waters  6ow  too  slowly  to  «c- 
ccKfi|iliah  direct  niei')uni<:al  erosion,  but  indirectly  they  may  bring 
about  important  mechanical  changes.  Masses  of  soil  or  talus, 
Mug  on  steep  sJopo,  saturated  by  long -continued,  heav^-  rain^ 
may  have  their  weight  so  increased  and  their  friction  so  reduced, 
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as  to  ^ide  downward  in  land-tulips,  which  arc  sometimes  disa&1rau&. 
OfihUkimi  was  the  j^eal  land-slip  of  i8>6in  the  White  Mouiiiiuns 
of  N'cn*  Uampshirc 

Rock  slides  occur  when  the  rocks  forming  a  slope  become  satu- 
rated with  water,  until  they  can  no  longer  SiU[)iiorl  lhemsel\-es. 
The  movemenl  b  much  facilitated  by  underljing  beds  of  clay,  or 
clay  rocks,  which  liecome  very  slipjier}-  when  lubricatetl  with 
water.  Mountain  valle}-s  in  all  {lans  of  the  world  show  plain  evi- 
dracr  nf  $uch  rock-^Jides,  and  often  a  vast  (|uantily  of  rock  i;t  thus 
displaced.  At  £Im.  SwiizcrLind,  in  i8Si,  more  Itinn  13,000,000 
cubic  yanls  of  rock  were  carried  down  for  a  distance  of  aooo  feeL 
In  iQoj  a  great  rock -slide  (xcurred  at  Frank  in  the  Canadian  prov- 
ince of  Atl>ena,  when  the  entire  face  of  Turtle  Mountain  fell  and 
rushed  acmw  tlie  valley  in  a  huge  avalanche  of  rm-k  fragmenls,  es- 
timated at  40,000,000  culrtc  yards.  The  causes  of  this  great  rock- 
slide  were  several,  but  an  unusual  amount  of  ground  water  and  a 
severe  froet  folkrwing  warm  weather  were  the  chief  agents. 

3.    SPBlNfiS 

Springs  are  the  openings  of  the  rtouikI  water  upon  the  surface, 
and  could  not  he  formed  were  the  Un<t  perfectly  free  from  irregu- 
larities, for  gravity  controls  the  movement  of  underground  waters, 
and  the  soun'e  •>!  a  spring  mu.it  be  higher  than  its  mouth.  It 
must  be  remembered,  however,  that  a  subterranean  stream  is  often 
confinecl  m  fn  a  pipe,  and  that  the  pressure  to  which  it  is  subjected 
may  seem  to  make  it  llow  upward,  as  when  a  spring  rises  fn>m  a 
deep  fiiwurr,  or  bursts  out  upon  the  top  of  a  hill.  But  these  arc 
Dot  real  exception,  and  here  also  the  source,  which  may  be  many 
mDes  dbtanl,  ts  aboi-e  the  spring,  and  it  is  this  which  produces 
the  neccnUT  pressuiv- 

The  connotMst  type  of  spring  is  formed  when  a  relativdy  im- 
pcnriow  bed  nt  rock  (usually  clay  in  »ome  form)  o\'eriaid  by 
poroas  rocks,  crops  out  on  a  hillside.  11m  ground  water  saturate* 
the  lower  Uyent  of  the  pon>ux  be<fs,  until  its  descent  is  arrested 
by  the  Jinpcniota  bed,  and  then  the  water  foUow»  the  upper  sur- 


Pic  si.  — ArfariRpmonl  of  Mran  which  cimet  liilltide 
i|Bin£(.    'I*iie  lower  cloK-llnnl  ticil  iinpcrvjoiu 
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face  of  the  latter.    When,  by  some  irrcsularity  of  the  ground,  tlie 
tcnpenioiu  l>ed  coma  to  the  surfare,  the  wnter  will  issue  as  a 

spring,  or  a  line  of 
spring*    (see     Fig, 

SO. 

A  second  cla.'ts  of 
springs  an  those 
which  rise  through 
u  cr%ck  or  fissure 
in  the  rocks,  In- 
dinwl  potxHis  beds, 
enclosed  between 
more  impervious 
ones,  allow  the 
water  to  follow  them  downward,  untD  in  its  lower  course  such 
water   Is   under  great    pressure,  or  "  head "     (Fig.   52).    On 

t Racking  !i  fissure  opening  upward,  the  water  will  rise  tlu^ugh  il 
and,  if  under  sufGcient  prcs-iure,  will  c<ime  to  the  surface. 
An  artesian  well  is  an  "artificial  fissure-spring."  It  is  a  boring 
which  taps  a  sheet  or  stream  of  the  gniund  water,  when  the  water 
18  under  suHicicnl  pre»ure  to  rise  to  the  surface  or  even  spout 
high  almve  it. 

In  limestone  districts  dq>re«ions  of  the  surface  may  intersect  the 
course  of  considerable  underground  sirtanj.i,  whiih  thus  roach  the 
surface  in  springs  of  unusual  volume.  \'vry  striking  and  beau- 
tiful examples  arc  the  Giant  Spring  in  the  cafton  of  the  upper  MLi- 
souri,  near  Great  Falls,  Montana,  and  Silver  Spring,  Florida. 
I       which  b  navigable  for  steamboats. 

Springs,  as  such,  do  llitk-  m  ttie  w-.iy  of  rock  d  is  Integra  I  ion,  but 
they  accomplish  something  by  undermining  tlic  rocks  at  the  point 
where  the)-  issue,  and  thus  w^irking  their  way  luickward.  This 
process  is  known  as  the  rtfession  of  springheads.  The  under- 
ground stream*,  of  which  j])ring<  are  the  outlet!',  have  often  ef- 
ted  much  in  the  wav  of  dissolving  rock  material,  and  hence 
— 
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■ad  sdphitCB  of  tine  znd  nMgnesui,  mod  ibc  cUo- 
rides  cf  iBMicocsiMm  And  xxfium.  In  nuncral  s|)riBf»  the  ({u&n- 
ttlj  at  dbmlfed  matemls  u  larger  and  perccfitiblc  m  the  tasie. 

Tbtnml  Spdag»  u«  tboec  wboec  tcmpctatare  i&  noubly  highcr 
thxn  ihu  of  onCimy  sprinip  in  the  suae  region,  »i>d  thry  ran^ 
fnim  K  hikonnn  la  a  boilnig  stale.  The  tacmsc  of  lunpenlure 
mav  be  caused  in  either  ol  two  mn:  (i)  In  rolcanic  regions  vmtcr 
rtiming  into  contact  irith  uncooled  nusscs  n(  bnk  is  higfalv  healed 
and  readies  ibc  »irfa<:e  as  a  hot  spring.    Of  this  da»g  arc  the  in- 


no.  5ft.  —  Dtifnm  of  ltMBt*-*pr<ne-    The  hx*rj  line  npn«onii  ilx  AtMm  atunit 
■hkh  Iho  waH*  rtM* 

nunienble  thermal  »prinf!s  nf  tlw^  Yellowstone  Pork.  (7)  U'her- 
tvcr  the  disposition  of  ihe  rocks  is  such  that  walcr  may  descend 
lo  iffeal  dcplhs  vrtthin  the  earth  and  >'<;t  return  to  ihc  surfai-e  by 
hydniMAlic  pressure,  Ihermal  springs  appear.  The^e  ronih'lions 
are  fouix)  only  in  reK><")>  where  tlu-  DN-k.i  have  lieeii  much  fuldcd 
and  fractured.  In  ihiti  case  the  tempcmturc  of  the  water  is  raised 
t>y  the  intertAr  licat  of  tlie  earth,  which,  as  we  liav«  s(«n,  increases 
with  the  ficpih.  Springs  of  this  ctass  occur  numerously  alont;  tba 
ApfnlachEan  Mountains,  and  in  larger  numbers  and  of  higher 


tcmperaiures  ihcy  accompany  the  various  range  of  ihc  RtHiky 
MotiiiliiiiiK  uml  Siernt  NLt-ail.i. 

Geysen  arc  ihcrtnal  springs  which  periodically  rrupt,  tbrowiD;; 
up  hat  water  in  beautiful  fountains,  acixinipariied  by  claiKlx  of 
steam.  Though  of  grcut  scimlilU'  interest,  geysers  arc  not  im- 
portant geological  agents,  because  of  their  rarity,  since  they  occur 
ooly  in  IcelaniJ,  the  Yellow-stunv  [^rk,  and  New  Zealand. 


Fifl,  S3'  —  An  arwiian  wll.    (U.  S.  G.  S.) 


The  destructix'e  effects  of  thermal  spring  are  principally  ac- 
cnmpli.iheil  lielow  the  surface,  and  have  alrcjuiy  been  tiinsidercd 
under  the  head  of  underf^round  waters.  The  high  percentages  of 
dissolved  m.ilerials  which  such  .'ij>riii;is  usually  contain  are  evi- 
rlencc  of  the  impoh;inl  work  of  rock  disinlvgralion  which  they 
oirti. 
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Bnudon  by  RiTcn.  — TTic  destructive  work  of  rivers,  includ* 
in^  in  that  tenn  all  surface  .'ttmm.t,  is  far  Iras  cxlcnsivc,  in  Ihe 
aggregate,  than  Ihat  of  the  alrao^phcnc  agcncira,  but  because  the 
vrcrfc  of  a  stream  b  concentrated  alonR  its  imrroM'  course,  it 
appan  much  more  unking  and  iropres-stve. 
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Fhl  54.  —  The  '  ilolioinku  fii."  Ailiona.  The  tlrram  ilintpimin  in  ■  limctinn? 
eawn)  a»i  ft  dm  kaown  10  n^pcu.  (PliotOf reph  hj  A.  E.  Hackeit,  ftifMO, 
AtU.) 
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ocrtain  amount  of  solution  and  decomposition  h  perfoRMd  by 
upon  the  rocks  of  itie  l>ed,  and  in  limnioncs  this  vny  be 
con«idcmble,  especially  if  the  water  be  chatted  vn'th  organic  adds 
from  a  swamp  or  [irat  Itog.  Limestone  regions  are  chaniclerized 
by  a  jnucil)'  of  rarfacc  streams,  most  of  which  pass  into  caverns 
nod  mule^ound  chanocls  which  they  have  Rudc  by  dlMotving 
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the  limestimc.  Such  subterranean  sirmtLs  nuty  or  may  not 
rc^appcur  on  Ihc  surface,  accnnliiig  to  circumstances. 

The  mechaiiiial  work  of  a  river  is  much  greater  than  the  chemi- 
cal, and  is  dependent  upon  the  velocity  of  the  current,  var>ing 
directly  a-i  the  square  of  that  velocity.  The  velotitj-  of  n  stream 
is  Ihc  rnihcr  complex  resultant  of  scircral  factors,  the  thief  of  which 
is  fp^vily;  tl>e  steeper  ihe  slope  of  the  t>ed,  the  swifter  the  flow  of 
the  water.  A  second  factor  is  the  volume  of  water,  the  velocity 
rai^'in^  as  the  cube  root  of  the  voljimc.  That  is  to  say,  if  one  of 
two  streams  which  flow  down  the  same  slope  has  eight  limes  as 
much  waicr  as  the  other,  it  will  flow  twice  as  fast.  Other  factore 
enter  into  the  Te>ult,  but  slope  of  bed  and  volume  of  water  arc 
much  the  most  important. 

Pure  water  can  do  little  In  abrade  hard  rodu,  though  it  can 
wash  away  sand,  gravel,  and  other  loose  materials.  \Vhcn  the 
Colorado  River  broke  into  the  Salton  Sink  in  southea.item  Cali- 
fornia in  11)05.  it '"'  ii<Jcep  trench  with  incredible  rapidity  through 
the  soft  alluvial  soils.  Streams  also  lake  advantage  of  the  Joint- 
blocks,  into  which  all  rocks  are  divided,  and  often  loosen  and 
carry  down  such  blocks.  This  process  is  called  plutking  and  is 
important  in  the  <!estrui.iive  work  of  glaciers  and  ihe  sea.  As  in 
Ihc  case  of  Ihc  wind,  the  stream  merely  supplies  the  power;  the 
implement  with  which  the  culling  is  performed  is  the  sjind,  pebbles, 
and  other  hard  panicles  which  the  water  sets  in  motion.  These 
abrade  ihe  rocks  against  which  they  are  cast,  jutii  a.s  the  wind- 
driven  sand  docs,  but  more  effectively,  because  of  the  ccaselfcw 
activity  of  the  slre;im,  an<i  because  many  rocks  are  rendered 
softer  and  more  yicMing  by  being  wet.  The  cutting  material>i  are 
themselves  abraded  an<l  worn  liner  and  finer  by  continued  friction 
against  the  rocks  and  against  one  another.  In  tlie  case  of  complex 
mineniU  Ihis  abrasion  is  accompanied  by  more  or  less  chemical 
decomposition,  as  has  been  shown  experimentally  t  by  rotating 
cTj-stals  of  feUpar  in  a  drum  half  filled  with  water.  When  the 
felspar  was  ground  dnwn  to  mud,  the  water  showeil  the  presence 
of  ]ioiash  and  soda  in  solution.     Anguhir  blocks  arc  speedily  wxirn 
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cobbtestone  and  these  into  iwbbles  of  s|)hcroidal  or  flat, 
dnaiiiUI  fomu  A  process  of  selection  rocs  on,  bv  which  the 
softer  mttcrials  are  ground  into  mud,  t)i<;  harder  mnaining  us 
pehMs  and  sand. 

An  example  of  exceedingly  nipid  wear  of  hiirrl  rock  tiy  running 
water,  under  favouraWc  conditions,  is  given  by  the  Sill  tunnel  in 
Awttrta,  which  is  jinivtded  wiili  a  )>avenieni  of  gninite  sblx*  more 
than  a  yard  thick.  Cre.-it  quantities  of  d<!t)ri»  arc  swe]>l  over  this 
pavement  at  a  high  vckxtty  and  so  rapid  is  the  abraAion,  that  il 
was  found  nnrssaT)-  to  renew  ihe  granite  slabs  after  a  single  year. 

A  riv-er  which  is  subject  to  sudden  fluctuations  of  volume,  bcinft 
DOW  a  nuhii^  torrent  an<I  again  almost  dry,  is  a  much  mure 
efficient  aj^enl.  both  of  erosion  and  of  transportation,  than  is  one 
which  mrnrs  nrarly  the  same  (|uantity  of  water  at  all  limes,  or 
which  fluctuates  only  slowly. 

The  velodty  of  a  stream  differs  much  hi  its  various  parts  dimin- 
ishing, as  a  rule,  from  the  head  waters  to  the  mouth.  In  very 
numy  coses  llierc  are  also  loial  variations  of  speed,  falls,  mpids, 
and  eddies  altrmating  with  qulel  reaches.  In  eddies  and  at  (he 
(iJu(  of  cascades  the  water  acquires  a  rotary  motion,  which  is 
tnmmitlei)  to  stones  lying  on  (he  liottora.  In  a  nH'ky  tied  these 
revolving  stones  excavate  cylindrical  holes,  often  of  rcmnrkabic 
r^ubmty,  called  pd-hcia,  or  giant  kettles.  The  diameter  and 
depth  of  pot-holes  arc  dclermincd  by  the  volume  and  velocity 
of  the  water  aitd  by  the  Icnglh  of  time  during  which  tite  eddy  or 
faD  renuiia  at  the  same  point. 

Sinte  the  velocity  of  a  stream  is  so  largely  dependent  upon 
gravity.  It  '»  obvious  thai  tlte  deei>er  a  .stream  cuts  its  channel,  the 
lesH  steep  docs  its  slope  Iiecome,  and  iluit  so  long  as  the  region  is 
neither  upheaved  t>or  depressed,  the  river  |>erfornis  its  venical 
erosion  at  a  constanily  decreasing  rate.  Unless,  tliercfore,  the 
w«>rk  Is  done  under  very  exceptional  conditions,  as  in  the  case  of 
the  Niagara,  we  cannot  reason  from  (he  present  nie  of  cAcavaiion 
to  the  IcnRth  of  time  inM>lvcf!  in  cutting  out  a  given  gorge. 

Unless  the  rcf^n  through  which  a  river  flows  is  upheaved,  and 
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■^tai,  bf  tfnihn  the  I»D,  mnred  pmrtr  b  (Ivfn  to  thr  Mn%m, 
PVlM||r  aa«  toDoer  or  laitr  be  mrhed  wtini  the  nnii»i  <uitiii| 
r  tf  Ihc  «i«Ma  nou  cts*c.  Thh  ttagt  b  ullcd  the  Uutimi  «/ 
'  MMM,  or  trfimim  nl  (he  ri*cr,  kmI  ii  apiiriiuRialB  •  ptraboKc 
cVfi^  Mag  knranl  the  hod  irf  ihc  iimni.  Elmilan  U  lh> 
ammrr  «dl  lun  the  wiwk  ftfnxh,  uniil  ■  new  btM-lml  b  nKli«d« 
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osteri  by  ndier  a^fnda^  a.  ttwvr  cuts  a  aarmw.  n^RMideti  ' 
air^avn  tli'  p^ihlr  itepih  nf  wltkii  diqiaiib  upon  tlie  i^it^ 
ahnve  bML-levd  at  wbidi  tbr  rmr  beps  tb  wwk.  (tH^padB^ 
any  >uhwqwnl  drwtffaw  nf  tbe  liinit  Ag  M>nai«  dwt^ntijrtwtwa 
infiinn.  ill  riitn  iirniTTnrHrt  hj  rhr  iinmnihfiii  ihwimiw  wmlli 
Atui  .1  i<r  -  i*  bcfm;  bat  t&K  a  vtrr  «knr  and  n 

wMm     '  ifltm  POP  a.  bnwi  nUrr,  mth  ttende 

alojm,  rrqnifa  a  v«t  Eaa^  pcffad  ui  dme.  dnBmuned  b^  tte 
arlirfty  ot  thr  dlamttt  and  the  Ksiauit  po*«r  <it  tfw  rnckx.  Even 
in  ihr  ^or^  :43MCe.  t  nvo-  TmBer  tends  to  faun-  a  V-slapaj  (.tcb- 
tcctlna,  b«ranw  tlur  upper  parr  nt  liw  qnq^e,  hanos  bisea  Iwkm 
(sprmrf  tn  wnthcrins,  bttftsuAicd  tiiegiKUot  \am. 

A  river  viIIft  is  rarely-  sintgfet  for  nrr  '■■"■^'■"^Hr  ifttniifi. 
b«t  tslrai  a  ^tnunus  chime;  wisEi  rackr  spun  proiccdng  iihi  i  iiililj 
from  iipposhr  sides  tt  ihr  ^tnain,  oad  these  spun  Ibtc  a  cnUmn- 
otH  (or  a  trrmral)  *inpe  fmtn  (up  tn  botttim.  Thn  is  cne  e<nen  erf 
inrtft  stream*  OnwiiM*  thmo^  hsfd  Todu,  aai  tfae  uaikncy  b 
nrorh  emjcpe^raied  when  the  telodty  uf  the  t.uiicin  is  '"■■J^'i^IimI 
and  (h«  Hvn-bcd  a  in  Wt  nuteriak,  as  in  tbe  lower  SOamqjpU 
Dfidfr  »wh  rondttrniM  the  ctnsun  mtamlrnt  to  an  cxtniinfinn^ 
d^nriv  and  ofim.  by  riHtinit  fhmu^  Uie  lumn*  neck  of  a  raenndBV 
ahnnHofiA  |)art  of  il>  (iuuuiei  and  leaves  ^a  "  uxliovr  laiie  "  ig 
imric  its  formrr  ■■otirse. 

Still  :innlh«r  iratiire  of  river  valient  'a  the  accordant  tvblbttbAir 
hnvn  th4*  mnin  v^Wey  nnd  its  tribotaries.  Nbnnuliy,  the  tribUB 
tnriei  Inwtv  ibcir  bmla  Jt  the  Mime  rate  a«  ihi;  moia  strewn  aint 
enter  (he  latter  un  iIm!  mme  levcL  Eiccptimis  lu  this  rule  do 
txtVT,  Mf  in  the  case  of  the  tributaries  beJ-iw  a  great  cataract  in 
the  Ininlc  rivTf,  whi<-h  pnter  hijth  up  on  the  gorge  walk,  but  such. 
MfepikiTB  admit  <>{  a  ready  explanation. 

When  a  rivet  enters  tbe  lea  or  a  lake,  hs  velocity  Is  chedced 

Bftd  t(  U  n"  U<n«ft  iiblf  tn  excavate  a  channel,  so  that  the  coa> 

ilniiBtinfi  (•(  the  riirtrr  channel  acmw  the  sea-floor,  like  that  of 

"I''  t-lwimm  (nee  p.  34),  Is  a  proof  that  the  tciwer  cnurec  of  the 

'  -^im  Itn*  liecn  Milin>crf;ed  under  iHc  sea-    There  are,  however, 
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two  known  instances  of  tbc  excavation  of  a  stream  channel  in 
tbe  bed  of  a  lake,  the  u|>|>cr  Rhone  in  I^ikc  Genc\'!i  anil  the 
npper  Rhine  in  l.akc  C'on^tancc.  These  streams  arc  both  gla- 
obJ  strain*  of  vety  colil  and  <Ien.se  water  an<l  charged  wiili  great 
loacU  of  coarse  sediments.  Discharging  into  bodies  of  warmer 
and  lighter  nater,  the  river  {urreiits  are  at>lc  lo  maintain  thcm- 
sdvTs  for  some  distance  from  shore  and  thus  to  ml  trenches. 
Olber  exiimj^es  will,  no  doulit,  l>e  found  under  similar  condi- 
lioos,  but  must  be  ver)-  uncommon. 


lU.&tJ.  &} 


r.  .'^i^ikl- 


Hivfaig  learned  the  (cenera)  character  of  river  erosion,  we  may 
iUoMraie  it  with  a  few  concrete  example!- 

A  j>artkularly  iDtere:>ling  case  is  that  of  tbe  little  river 


I. 


Simtto  in  Sicily,  since  the  hisiory  of  it*  jiiorge  is  so  well  knowit. 
In  1603  n  great  lava  flood  from  ^tna  was  poured  out  across  the 
amuse  of  tbe  stream,  am),  when  coM,  solidified  into  a  barrier  of 
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Ifae  hudesi  ncfc.    Wbn  Sir  Cbxiia  L^  whittd  the  spot  in 
iSiS,  he  foosd  thai  i&  a  little  moR  thin  t«o  oenturio  (be  xtmm 


Fi«.gl.— l>tAa:SaHBa<a«.N.V.    (Oa|ifn(h)brS.R.SMNWu4.a«H  Faa».S 
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had  cut  a  gor^  Uuouj^h  ihb  barrier  of  40  to  jo  feel  deep,  and 
varyiog  in  width  (rom  50  to  scvcntl  hundred  (oet.  Tbe  i;tvu  which 
bad  thu>  been  irenchcd  is  not  porous  or  sUggy,  but  homogeneous, 
dmse,  and  vcr}'  h.krd. 

3.  In  the  nonhcm  parts  of  the  United  Stales  the  great  kc- 
>hnr\,  whirli  in  late  geological  times  covered  the  countrv,  brought 
4liiw-a  with  it  rast  quantities  (if  drift,  th;il  lillcd  u;>  thi:  channels  of 
many  Ktrean»  and  quite  revolutioDiJKd  (he  dtxkinage  of  certain  dis- 


f|c.  Jig. OhL  t>te''-^cv*'  dianiKl  al  Ihc  Hkifxri  Kivti.  lid... 

(U.  S.  a.  S.) 


;l:^   fu-^.;::  Wli, 


trkts.  Since  that  lime  the  dt»placeil  slreums  ha\'e  cut  out  new 
cfaanneb  for  themselves,  often  through  hard  rocks,  and  many  now 
Bow  in  quite  deep  gor;ges,  with  nearly  vertical  walls.  Au  Sitl>le 
Chasm,  New  York,  b  an  example  of  these  geologically  m<xicm 
river  gorges,  the  atmosphere  not  having  had  time  lo  widen  il. 
3.  The  Niii^m  b  an  e\cef>lional  case,  the  gorge  being  cut, 
not  only  by  the  direct  abrasion  of  the  running  water,  but  also  by 
the  action  of  tlw  itpray  and  ftoiit  at  the  falls.    In  the  ravine  the 


I 
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upper  rock  b  a  bard,  inassiv-«  limestone,  which  is  undciiaid  by  a 
soft  day  ihale.  The  latter  U  continually  tli^inlegtated  t>y  the 
flpray  of  the  cataract  and  by  the  6c\-crc  winter  frosts  undermining 
the  limeAione,  which,  when  no  timger  able  to  bear  ttii  u«-n 
weight,  breaks  off  in  tabtUar  nusecs.  Thus  the  falls  arc  steadily 
receding,  leaving  beltind  them  a  gorge,  which  U  deepened  by  the 
river  and  especially  by  the  plunging  masses  of  water  at  the  foot  of 
the  cataract. 

4.  One  of  the  m«*l  remarkable  known  examples  i>f  riv-cr  ero- 
aion  is  seen  in  the  cations  of  the  Colorado.  The  Grand  CaAon  b 
(n-er  300  miles  long  anrl  fntm  4000  U>  6500  feet  <[eq>,  with  pre- 
cipitous walls.  It  is  extremely  probable  that  the  ri%-er  has  been 
rendered  able  to  cut  to  iiurh  profound  dq>ihii  by  the  gradual 
uplifting  of  the  whole  region,  which  i.'t  now  a  lofty  [Jiitniu,  in 
places  more  than  8000  fed  above  the  sea.  The  erosive  power  of 
the  river  has  tlius  been  continually  renewed  and  a  more  or  le$K 
tiniform  rate  of  excavation  secured. 

5.  Finally,  an  exiremely  curious  example  of  river  erosion  is 
the  gorge  of  the  JCambesi  Kivcr  in  South  Africa,  at  and  beluw  the 
Victoria  Falls.  .Above  ihc  falls  the  river  Ls  more  than  a  mile 
wide,  and  at  thccntanicl  it  ]>lungcs  into  a  narrow  chaxm  which 
is  transvene  to  the  course  of  the  river.  From  the  ch-ism  the  only 
outlet  is  by  a  narrow  gorge  i)f  only  50-60  yard*  in  width,  and 
below  this  );aicw3y  the  gorge  continui's  for  many  miles  in  a  scries 
of  sharj)  zigzags,  which  are  highly  excejilicinal  in  such  a  Itard 
rock  as  the  basaltic  lava  which  the  river  has  trcnchH  to  a  depth 
of  400  feet.  This  remarkable  result  is  due  to  the  fact  that  the 
excavating  work  of  the  river  hiu  been  controlled  by  the  lines  of 
Joints  in  the  rock. 

Tnnsportation  by  Rivers.  — The  main  importance  of  rivers  ts 
geological  agents  is  not  so  much  their  work  of  erosion,  but  lies 
ruihcr  in  what  thej-  accomplish  a»  carriers  of  the  results  c»f  their 
own  destructive  activity  and  that  of  the  atmosj>here,  comprising 
both  the  materials  which  are  mechanically  swept  along  in  su»- 
ion  and  those  which  are  carried  in  solution. 
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Makriah  mrehankaJly  Camed.  — The  transporting  power  of 
niRiiing  mlKT  itt  <]ei>vii<ienl  U|Kin  the  velocity  i>f  ihe  currvni,  and 
both  tnailicniatkal  and  experimental  treatment  of  the  problem 
brings  oul  the  .tur|)ristnx  restilc  that  the  tfun.iporiing  )>oiver  varies 
directly  as  the  sixth  jjower  of  the  velocity'.  If  ihc  rapidity  of  a 
tttcam  be  douMed,  it  can  carr>'  64  times  as  much  as  before.  The 
dcstnictivencs;  of  »iddcn  and  violt- ni  tlimd^  >»  thus  <-x|)Uincd.  In 
the  terrible  flood  which  overwhelmed  Johnstown,  Pennsylvania,  in 
18S9,  grrat  lucootolivcs  and  ma,tsive  inm  bridges  were  swqH  off, 
H  is  hardly  so  exapseTaiion  to  say.  like  straws,  and  huge  boulders 
rarncd  alntij;  like  [lebbles.  The  formula  as  to  the  relation  of  veloe- 
ity  to  tnnsponing  power  refers  more  parCiculariy  to  the  coarser 
onteriuLt  which  are  pwdicd  alon^  the  bottom  of  the  stream.  No 
relalioD  has  ycl  Iwm  tlclermiinil  fur  vcrj-  line  tiarti<lcs  of  jilt  and 
rlay,  nirae  of  wbich  remain  suspended  indefinitely  even  in  still 
water.  Tno»porling  power  also  incrcii^es  as  Ihe  temjterature  of 
the  water  dcirefl<es. 

It  obviously  follows  from  the  relation  obtaining  lietween  velocity 
ud  Iransponing  power,  that  a  slight  increase  in  the  rapidity  of  a 
^urcnm  will  largely  augment  the  load  which  it  carries,  providn)  the 
Mrvam  obtain.'i  as  much  material  as  it  can  lnin.-'(>rirl ,  while  a 
^Iq^i  reduction  of  velocity  will  cause  Ihe  deposition  of  a  large  pari 
i4  that  load.  The  iMioynncy  of  wiiter  adds,  in  an  imjiodatil  df^rce, 
(o  its  ability  to  sweep  along  sediment,  because  when  any  substance 
ii  immened  in  water,  it  lonet  weight  to  an  amount  equal  to  (he 
wdgfat  of  an  equal  bulk  of  water.  The  specific  gravity  of  most 
RKk»  is  from  two  an<l  one-half  lo  three,  so  tliat  when  immersed 
Ifacy  lose  from  one-third  to  two-fifths  of  their  weight  in  air.  1'hc 
shape  of  the  fragments  b  likewise  a  factor  iu  determining  lite 
ttktctty  requisite  lo  move  them;  the  larger  the  surface  of  tlie 
(nijCmenl  in  pro|ionion  to  lis  weight,  Ihe  more  easily  it  is  carried 

I  •uqjcnsion.  I'hus  lUi  grains  or  scaln  arc  carried  farther  t3ian 
I  ones;  while,  on  ii>c  other  band,  rounded  fragments  are  more 
euily  niOnJ  along  tiK  bottom,  when  too  lieavy  for  the  current 
toHft 
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The  greater  part  o(  the  itdbri*  or  xedimenf  which  a  stnam  car- 
ri«s  is  furnbhed  lo  il  by  the  destructive  activity  of  iJbc  atmogphcK; 
file raiiu wash inihe finer tnatefial.t, white froHt uk] land  -iliixt bring 
in  the  larger  masses  which  arc  carried  down  by  n>ountain  turrcnts. 
To  Ibis  materia]  the  river  adds  that  which  is  derived  from  its  own 
work  in  the  cutting  away  nf  itK  banks  and  bed. 

ifalfritils  in  Scutum.  —  In  addition  to  what  the  river  carriea 
down  mccKunicaUy  in  suK[ieiuioa  or  Mree]»  along  th::  bottom, 
IhcrG  is  a  third  class  of  material:  namely,  that  which  b  dissolved 
In  the  watcnt  of  the  stream.  tK<»olvcd  matters  ate  always  present 
to  greater  or  less  quantity,  and  are  ihc  same  in  kind  as  those 
which  we  have  already  found  to  occur  in  sprint;- waters,  whence 
they  arc,  for  Ihc  most  part,  derived  by  the  rivtm.  River-water 
b,  however,  leualiy  more  dilute  than  that  of  springs,  because  of 
ibc  niin  which  falU  into  it,  or  iwurs  in  from  the  hanks.  In  very 
dry  regions,  where  thb  additional  rain  supply  is  at  a  minimum, 
and  where  the  streams  are  concentrated  by  continual  e\'a|>uni- 
tion,  they  are  frequently  undrtnkable,  on  acxrounl  of  the  quantity 
of  nuiltcr  in  solution  which  they  contain.  Examples  of  thii 
arc  the  salt  and  so-cjillcd  "  alkali  "  (a  very  ccimprehensive  term) 
streams  of  tlie  arid.  West,  which  contain  a  great  variety  of  dis- 
solved minerals. 

The  (joantily  of  material  which  rivers  are  continually  sweeping 
into  the  nea  Ih  enormously  great.  Every  year  the  Mi.vMs.xippi  car- 
ries into  ihc  Gulf  of  Mexico  nearly  7,500,000,000  cubic  feet  of 
<«>)id  sediment,  cjiher  in  suspension  or  pushed  along  the  bottom, 
an  amount  suflicicnt  to  cover  one  square  mile  to  a  dci)th  of  368 
feel.  In  addition  to  this  is  the  quantity  brouf^ht  don-n  in  solution, 
which  is  estimated  at  1,859,000,000  cubic  feel  annually. 

UitTcreni  rivers  vary  much  in  the  proportion  of  suspended  and 
diMolved  materials  which  they  curry  and  dischur^  Into  the  sea;  a 
roughly  approximate  average  makes  the  amount  of  material  re- 
moved et[ual  lo  about  1 1 ,400  cubic  feet  (600  Ions)  of  annual  waste 
for  evmy  square  mile  of  the  land  surface  of  ihc  globe,  that  is.  undtr 
exiiling  ronditiom  of  slope,  temperature,  rainfall,  etc     How  Rreal 
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a  dUooEC  ik  Ik  mrii «  duni^e  in  thew  bcfnrs  ma^  prahice, 
wSbciBcafcvnacnafnriKiaaf  tbcUintssippiand  the  Ganges. 
Tbe  ■—"■^  of  jwyiprtiil  SHtnr  ifbcharged  by  ihe  fonner  rcpr»- 
pjlattB  ■  lijw«»i«g  of  tfae  mriwc  trf  tbc  entin  dninagc  4rci  a(  the 
nle  of  (Bc  Am  in  49*0  5«U5.  whik  in  Um  cue  of  the  Gaofca  h 
ii  ooe  ^wt  is  iSSo  fcui.  or  more  tban  iwk«  as  ^L  The  amount 
mried  by  the  Amuoa  has  not  been  detcnniMd.  but 
can  be  Sttle  doote  thai  it  b  far  jtrcater  than  that  cfedargsd 
bjr  tW  ViiiiiiiinJ  The  an«  dninal  by  the  AmavHi  b  les  than 
twice  as  imrge  *s  the  dniiage  buin  of  the  Mi»is&ippi,  oimI  yet  it 
brings  Id  the  sat  an  t&BM  »s  much  w«ic(  as  doe&  the  gmi  ri\'er 
of  North  Araerio. 
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DESTRUCTIVE  PROCESSES.  -  SNOW  AND  ICE,  THE  SEA, 
LAKES,  ANIMALS  AND  PLANTS 

Avalanches  are  great  mioses  of  snow  which  descend  from  the 
mountain  lops  at  a  vtry  high  velocity,  and  arc  frequent  iii  all  hi);h 
mimntiiins  with  hciivv  smiwrall,  and  iHTur,  ihntiyh  lcs.s  commonly, 


*now 


on  mountains  of  medium  heiRht.  Winter  avalanches  of  dnr  and 
powdery  snnw  do  comparatively  little  desininire  work,  but  in 
thawing  wcathtr,  when  the  snow  is  hcaiily  charged  with  u-atcft 
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great  nusees  of  earth  and  rock  an-  brought  rl4>wm  in  the  avalaiKhe, 
which  swcqo  cvtryihinit  before  it.  Thougli  acijni;  only  occa- 
sionaJly,  avalnnchi^  arc  efTKieiit  iigcnt.t  in  the  rcmuval  c>l  tnaierU] 
troin  bi|:ber  10  lowvr  levels. 

On  a  MTuill  Male,  »n<iw-»liile»  rctnorc  unjiroieeted  soil  from 
slopes.  In  the  bad  bnds  (sec  p.  lOg).  where  the  mtn  n*a»h 
poduccii  coraparauvcly  little  effect  upon  the  debris-covered 
butter,  «lidin}t  nia«esof  snow  «rip  off  the  covering  of  *oil  and 
cipijw  fresh  surfaces  of  rocl;  to  tlic  destructive  action  of  the  water. 

Glaciers  arc  miKh  the  most  im[ifirt.int  fi)rm  of  ice  as  a 
^logical  agent.  A  gbcicr  is  a  stream  of  ice  which  flows  as  if 
it  were  a  ver)'  tuut;h  and  vt^^>u»  fluid,  an^l  docn  not  merely  glide 
dumi  a  slope,  a^  .tiwur  »lide»  from  (he  roof  of  a  house.  Glaciers 
play  a  vcr>'  important  pari  in  keeping  up  the  circulation  of  the 
atmoftpheric  waters,  and  produce  geologicul  results  of  an  extremely 
(haraticrisiic  kind.  Their  contri^utio^  to  the  sum  total  of  nx^k 
datructiun  and  rccoiuiruction  u,  it  In  true,  reluii\'cly  unutl,  but  it 
ofien  bccnmo  importULnt  to  trace  the  former  extension  of  glaciers, 
•Mch,  in  its  turn,  has  3  wide  bearing  upon  M>me  of  the  rno^t  far- 
idchinft  ot  cuunical  problt-ms. 

As  wr  a&ceod  into  the  atmosphere  from  any  point  on  ihe  earth's 
fUffiare,  >ve  find  thai  il  Iiecomcs  continually  colder  with  incrcasinji; 
Ihc^iI.  In  this  .im:«iI  a  level  is  eventually  reachetl  where  the 
letnpetature  «t  the  air  never  rises  foe  «ny  length  of  lime  above 

!frr-  ■  il,  ;ii»d  above  this  level  no  rain,  but  only  snow,  falb. 

1  Ic .  Uil  the  limit  of  ]H.T[iciuitl  snow,  or  simply  ihc  snow- 

Bne.  ^liflc  the  height  u(  the  snow-tine  abo\-c  the  sca-lcvel  is,  like 
lie  in  getieml.  much  affected  by  bn^I  factors,  yet,  xpeaking 
tly,  its  elevation  U  deierminc«l  by  laliludc.  In  the  tropics  the 
-tine  is  15,000  or  1 6«oo  fret  abo^'C  the  aea, — descending  more 
■ltd  more,  aft  we  go  toward  the  poles,  and  coming  down  nearly  to 
Ka-tevel  within  ihc  jx.lar  cirrlce,  but  docs  not  actually  reach  that 
lew!  at  any  known  ptiint  in  the  northern  hemisphere. 

Were  there  no  means  of  bringing  the  snow  which  accumulates 
linn  the  saow-lioe  to  some  place  where  it  m^ty  mcli,  it  wxiuhl 
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evidently  father  indcfinildy,  and  at  lost  ncarty  all  the  moisture  of 
lh«  earth  WDuiil  he  thu^  lucked  up.  As  a  matter  of  fact,  there  is 
no  such  indefinite  accumululion.  In  «r)'  dry  regions  the  eitcess  of 
snow  Lt  di6[)0M;d  of  by  direct  c\'aponition,  and  on  high  mountains 
avalanches  carry  the  snow  <l(ivni  to  lower  levi^,  where  it  melts. 


Ht  (he  fool  of  och.    On  iccoiini  of  the  fomhoiteiiiDK  the  glacicn  appeal  to  ba 
unduly  Weep  ' 


In  places  where  the  excess  of  snow  cannot  be  disposed  of  in  either 
of  these  ways,  )j;bcien  are  formed  :in(l  t}ius  keep  up  the  circula- 
tion of  the  waters,  by  carrying  the  surplus  snow  down  to  bwcr 
lesTls  at  which  it  can  melt,  or  by  entering  the  sea  and  in  ttas 
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DOD  and  are  tmni 

!■■■■■■■  ^  ipgc  I 

die  [WWitM  o<  j_ 

Snow  tk  Willi  Op  irf  MDMc,  tin ij Mill  OTsUb  «<  ice,  wliirk 
an  intiiBBlctjr  Mcsd  vitb  air  and  Uits  *<i«ib1«1  from  one  amdicf. 
Thoo)^  ihe  SMfindual  cmtals  arc  tniKparmt,  wow  is  while  and 
Upaqae,  aa  alwap  roohs  when  a  tranNpormt  body  is  intimatdj 
niixnl  with  a  pts,  as  in  the  foui  on  water,  or  in  powderad  glass. 
Ice  b  cmip>ae<d  u(  the  same  kind  of  nysixk  x<k  b  snow,  but  itwj 
aiT  in  ruBlBct  with  ooe  axtothci',  not  sqMratcd  hv  air.  To  co«- 
<cft  saow  ino  tee.  ibenfoR,  it  U  onli  n«ccssaiy  to  expd  the  air 
kcid  Wii^  ibc  cf>5tals  into  canlaci,  U'x  (rhich  pre^uiv  alone  k 
not  orUtnanly  suficicnl. 

The  fiist  step  in  the  trtn^^rmjition  U  the  [uirtijl  incllinK  of  the 
■pperbyeraolsiiow.fotwhkha  thjngc  of  tcmixr.itun.-  is  ittvcs- 
stiT.  thnugh  the  change  ni-cci  not  irarm  Ihc  air,  but  may  be  dtK 
to  the  direct  rays  of  the  sun.  Olacicrs  arc  rare  in  tite  tropics 
becatse  ol  the  mnMancy  of  tlie  tem|ierature,  aiid  the  »niiiU  nrra 
I  Hlbich  cYlends  above  the  snow  line,  which  seldom  i)ennils  ihe  for- 
mailoii  I'f  extenuve  tiKiw-fieUU.  SoinHimes,  howc\Tr,  the  conili- 
linm  "f  );iacicT  foniiaiinn  are  fullitle<l  even  in  the  ei|u;iti>rial  aune; 
hv  example,  there  in  a  glacier  on  one  o(  (he  peaks  of  Ecuador. 

ftTien  the  surface  ln)X'rs "(  sn<nv  hA\x  been  [uriially  meUcd.  the 
WBlrr  ihui  focinvd  trickles  down  into  the  sno»'i:ieiicalh,cx|>tllinK 
much  of  the  air.  l"hi»  underlying  fmm-  luu  «iill  a  icmpcnilute 
much  below  Ibc  frceaing-poiot,  an<l  Ibc  percolating  wntcr  is  »o«»n 
refnuen  intu  little  sfihcrules  uf  ke.  This  xulKitam  v,  midway  lic- 
Iween  utow  and  ice.  is  called  nM,  and  may  be  !«cn  every  winter 
wherever  the  f.navt  lies  for  any  len|i;th  of  time.  The  hardened 
"  eraat "  which  forms  by  the  refrecxing  of  partly  melted  snow  is 
b£v<.    The  air,  which  is  now  in  die  form  of  dtKTetc  bubbles,  la 
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fact  litti  gittaii  iCK  b  »  aocfr  jE  the 
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feet,  wUcb  m  nvA  *PP<aB  to  he  ihr  fhirimtat  of  rbe 
k»<ap-     A  gFsafcr  thitkuM*  woolil  oiOK  mftini^  by  pnaeaa 
tfK  booon  pOTM. 

It  (oIm9  bvn  tbdriBHfc  of  fat— lioo  iku  ^kmb  cui 
Ihimmt  itIj-  wlrrr  ihr  Tnmr  imiimilnri  m  jrrir  iTiJiIm  m  u, 
f-omwA  Iw  rHiprwwl  of  by  cither  '*"***ig  iv  napofalBiK, 
](tadcra  aw  rue  (v  tbmm  id  dnr  ctgicaH.  as  ia  moa  of  the  R< 
Mnontain*  withia  the  Bmtn  of  iIk  Cnttnl  Stsho.     It  also 
that  ibc  gnMcn4  tqno  wfatcb  the  annvr  Bb  araBl  be  so  shaped 
In  aJInw  KRU  mMKB  of  it  lo  guher. 

A  Rbcier  (oovts  in  mach  thr  mne  wajras  s  ri*cr,  bm  at  4 
omcb  flower  rate.    The  midille  pawtioa  mova  tiLMer  ihui  ifac 
liPTjiiMe  th'  taller  arc  ftlarded  fay  thr  fn'ciion  of  the  banks,  and. 
(he  ■dmr  mwMj,  ibe  lop  roovo  faster  than  the  bottam. 
^*iwJij     ,/  Rite  a  ptoMic  substance  tuKkr  prtssore,  ice  nckis 

iv>n,  and  even  a  sGgfat  cbaa^  in  ike  slope  of  the  bed 
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cauw  a  gnai  Irunfl^-efse  i^ack,  or  ermusf,  to  form,  which,  like  an 
eddy  in  a  stream,  ^ccms  to  be  stationary,  because  always  fnnDed 
again  al  liit  s;imf  ijjoi.     OtIuT  »ysit-ms  <tf  crack-i,  itw-  m;i(iTin;>) 


F14.M  —  A  liiin|t">f  K<aclrr.  Cduaiir  I'm.  W'.i.'h.     N'lW  ihc  WrmiiMl  (noiunv  Mid 
■be  creraua.    (U.  S.  G.  S.) 
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cfcvasMS,  arc  fonned  aJong  the  sitks  of  the  ^ockr,  aod  arc  doe 

to  the  more  tvUily  moving  mtdd3e  puUing  away  from  tbc  retarded 
sides. 

The  rate  of  Racier  rooremnit  depends  upon  the  snow  supply, 
upon  tbc  slope  lA  the  grnuiul,  :iiui  tbc  lemperalure  of  tbc  iea«aa. 
The  comparalivcly  smaD  gUciers  of  the  Alps  more  at  rates  varying 
from  ttro  to  &fty  inchei  per  day  in  summer  and  at  about  half  that 
rate  in  winter,  urhDe  the  vastly  larger  glaciers  of  the  polar  lands 


have  a  ooncspondinsly  swittcar  flow.  The  great  str 
whirli  entcn  Glader  Hay  in  A1;i.i.ka  has  a  .tummer 
seventy  feet  per  <iay  in  the  middle. 

Southeastern  Alaska  i*  a  rcf^ion  where  glacieni  are  dex 
a  very  ciricnstw  ttcalc.    The  M«l.i5.f)ina  is  an  immcnse| 
hanng  an  area  of  1 500  square  miles,  which  is  formed  at ' 
Jhe  St.  F.li.i*  Alio  l)y  the  amlliieiire  nf  several  grKil  gl;iJ 
neighbouring  inountali)».     l*art»  of  this  vust  accumi 
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Ice  are  stagnant  and  deeply  covered  with  rock  d^brfa,  upon  which 
there  (s  a  luxuriant  gmvrib  of  ^-egeiation,  with  nol  \fsa  than  looo 
feet  of  ice  beneath  it. 

In  Greenland  and  tlte  Antardic  continent  the  accumulniions  of 
ice  are  on  a  scale  [H>t  elsewhere  found,  and  thenc  regions  ])rcscnt 
conditions  of  (jrcai  i^eolof^cal  interest,  Greenland,  except  for  a 
narrow  Mrip  aking  the  cousts,  is  buriml  beneath  a  v»M  ice-shcel, 
bom  which  great  glaciers  descend  to  the  sea.    In  the  inlcrior  only 


Fic  bt-^Nnulak  riilng   ibrough   ilic   lcc-c*i>,  GiccnUnd.    (Photograph   bf 

Ubbey) 

a  few  isolated  mountain  peaks,  or  nunalais,  rise  tbrou)(h  the  ice 
mnnlle;  except  for  thew,  nothing  a  visible  but  illimitable  fields 
of  snow.  The  snowfall  is  not  very  great;  but  »i  little  of  it  is 
dispotted  of  by  e\-aporation  or  meltinf;,  thai  there  is  a  larKC  excess 
whicli  goes  to  the  growth  of  the  ice-xheel,  and  kee)L«  up  the  sup]>ly 
for  the  innuineraMe  ^lacicr^  which  flow  to  the  sea. 

The  Antarctic  >i-e<ap  l<  estimated  to  be  neiirly  seven  times  as 
[bx^tc  as  tlul  of  Greenland. 

The  lourcc  of  a  gbcier  Li  always  altoi-e  llie  snowline,  but  the 
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icfr-stream  itself  may  dettccnd  far  below  that  line,  slowly  mclttng 
and  dimrnishing  in  thtrlcne.'KC  aK  it  flows.  The  lower  end  is  at  the 
p(»Ot  where  the  rate  of  melting  and  the  rate  of  flow  balance,  so 
that  changes  in  the  tem|ieniturr  of  ih«  ^c^fl.^(ms  or  in  ihe  umuuiil 
of  the  snow  supply  will  cause  ihe  glacier  to  advance  or  retreat,  as 
one  or  other  of  these  factors  prevails..  TIjus  the  Alaskan  KlacicR 
have  retreated  notably  within  the  l.isl  century,  while  some  of  the 
Norwegian  ones  arc  advancing.     From  the  lower  end  of  a  glacier 


Flo.  65,  —  Eilip)  nf  Iho  (Jrc^nisnil  k-f-slio' I.  »nh  a  k''"^'"  draceiHlinj;  titmi  It, 
The  dark  line  is  a  mcdlBl  nionilnc.    (HmlDgrAph  tiy  lJbl>C)'} 

there  alwavs  issues  a  stream  of  water,  which  (low*  under  the  Sc 
often  in  (treat  volume,  and  c\-cn  in  winter,  for  the  thick  iec 
non-conductor  and  protects  the  stream  from  the  inten.ic  cold  c4 1 
air. 
There  arc  various  forms  of  moving  bodies  of  land  ice  corresp 
■ulii'N  of  water.     We  have  (i)  Alpiuf  ghtim,  of 
he  Alps  arc  types,  and  arc  relatively  .small  streams ) 
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pying  narrow  mountain  vaKet-s,  each  con»ecie<l  with  a.  particular 
iia.iin  or  Katherini;  ground  o(  snow,  (a)  Hanging  gladtrs,  which 
dcsccn<l  but  titil«  below  rhe.inowline  and  are  small  giacten  occupy- 
ii^  stcc|>  ckfts  nt-Af  the  mouiituin  topic.  In  some  cases  Ihcy  are 
not  connei'Ied  with  snow-fields,  but  are  fed  by  avalanches.  The 
leaders  of  the  northern  Kocky  Mountains  nnd  the  Sierra  Nevada 
Mt  mostly  ol  ihU  clas-s.  (3)  {it  fidds,  exemplified  in  Srandi- 
nana;   these  arc  extcnsitv  and  continuous  anas  of  thick  tc^ 


Fin.  66,  — Tlie  Colunbia  GlUciPr.  AUtha.     |U   S.  G.  S.) 

ll)-  curved  surface,  from  the  nuiyins  of  which  numerous, 
Jysm.-ill,  glflciers  dc*cen<i  thmugh  rocky  gorges.  (4)  PUd- 
rieri,  like  the  Mata.'tpina  of  Aliiska.  These  are  gnat  ac- 
aas  or  lakes  of  ice  which  form  at  the  foot  of  mountains,  by 
■  of  nunwrom  glaciers  of  the  Alpine,  or  valley,  type. 
nbiJ  gUiim  are  those  which  cover  i-jiormous  areas  of 
,  as  the  icir-she«  undw  which  nearly  all  of  Greenland  b 
that  which  covers  the  Antarctic  land.    This  Li  a  type 
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^|Bpip»:ta]  interest  aod  sigoiBcancc  to  the  geologist,  because  of  the 
light  which  it  thiDWK  U|)un  the  often  m.vsIefiou»  opcratioiift  of  the 
ice  shoctii  which  oacc  covered  large  portions  of  North  Amrrica  and 
Kuropc. 

01acl«r  Erosion  is  highly  chariicicristic,  iind  enables  us  to  ilctcct 
the  former  ^xiciisiun  uf  ice-streams  which  have  greatly  shrunken 
and  their  former  presence  in  regions  win-net;  they  have  long  van- 


l''lij.  IjJ.  -  !jlada»'il  nirfjtc,  Sii'ttii    Nrv.i.U.  C»l.      Tlif   sngul-r    i-.-tvi  \aiKUX 
places  uhece  blocJu  bavc  tmn  temovsct  bj  plucking.     (L*.  S.  G.  S.) 


ished.  The  erosive  capabilities  of  moving  ice  have  been  and 
slfll  are  the  subject  of  much  dispute,  but  the  researches  of  the  last 
ten  or  fifteen  ye.ini  in  many  paris  of  the  world  have  brought 
together  a  great  body  of  evidence  which  strongly  supports  the  view 
that  gluciiTs,  under  fa;x>uring  conditiont,  are  extremely  efficient 
and  powerful  agents  nf  erwion.  Just  as  in  the  case  of  water,  the 
dcstrudlve  jiowcr  of  ice  depends  upon  tiic  ^-cloclty  with  which  it 
and  the  pressure  exerted  on  its  \Kf\,  so  that  a  gJacier  may 
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erode  activriy  u  one  pan  nf  ie  rounse,  and  Ihtlc  or  ool  &!  all  at 
uMther.  Il  is  Dul  surpnslD];,  ihcrcforc.  tlui  adcKiidng  ffUciers 
have  been  obecrred  to  urerride  loose  nuK^n  <t(  ^\-H  wtlluHlt 
nu»-in|[  ihoa. 

When  acting  d^ecti^-cly,  nnrly  fnnncd  f^lscien  nemow  thr  noil, 
talus,  and  other  loose  malcri^il^  Erom  the  »irf;ti.-c.  whit  h  ihu<i,inilw 
finl  instance,  is  reodcnd  more  irrvgulur  tluu  Itcf^tfr,  Im^um 


ftp. «.— SlLif  Ijr  llMttned  tliut.  with  eilga  ri«tlirn»l  by  gtodd  plntU^.  OlMtlM 
1ijrglubldnti.lfonML.Uieh.    (U.  S.  Q.  ft.) 

at  the  varring  dq>(hi  1q  whuh  the  t-fftcti  o(  wMthrrtnit  ficortnil* 
(see  p.  101).  Bare  rodu  are  crwln)  hy  a  double  (tnxoa:  (1)  The 
iaint-l4(jcki  are  lorn  away  {fiticking)  by  ihe  advondnft  Ire,  an 
apemioa  wbick  u  modi  (adUlaied  by  ibe  conliniul  li'juefar  ilt>n 
and  rcgebtkm  of  the  ire  at  ihc  bultom  of  the  KUrirr,  irwlnff  Ui 
ctiBBsa  of  prtMurr.  A>  bo*  been  already  remafkerl,  Um  lemjiera- 
ture  of  Ibe  Ire  whbin  and  at  the  bvUom  o(  tlic  glackr  ia  near  Ibt 
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mcl ling- point  for  the  pressure.  Thus,  liliKht  cluingeft  of  pressure, 
due  lo  the  moUon  of  tiic  glacier  and  incqUAlitit^  of  ihc  bed,  cause 
the  ice  now  to  melt  aiui  iigain  lo  solidify,  and  in  this  manner 
Ihc  joint- blocks  of  the  bed-rock  are  liMisened.  (a)  The  l»otli>ni  of 
ihc  gbiier  is  a  mass  of  ice  rainslcd  with  rocks,  pebbles,  boulders, 
sand,  and  debris  of  all  sizes,  and  by  their  meAns  the  bed-rock  is 
worn  down,  smooihcd,  polished,  and  scored  with  parallel  marks, 


FML69.  — Gtacial  ilriis  on  limntonp.  overbid  litilrltl;  PtUu  l>ulni.  l.ake 
Ontario.    (U.  S.  G.  S.) 


in  n  fiishion  which  forms  the  unmistakable  Butogni]>h  of  the  glacii^. 
The  rock  fragments.  firml>'  held  by  the  immense  weight  of  the  ice, 
are  slowly  pushed  nver  the  rocky  bed  and  cut  gron\-cs  correspond- 
ing lo  the  siz«  of  the  fragments,  from  hair-like  scratches  to  deep 
troughs.  The  xairings  are,  of  mume,  in  the  direction  c)f  the  move- 
it  and  keep  parallH  often  for  coasidcrable  distances. 

smaller  panicle*  art  as  a  ()o1fshln^  powder  and  smooth  the 
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bed,  uid,  if  the  bed-rock  is  guJBcicnlly  hard,  it  receives  a  high 
pcdbh.  HuBunocka  of  rock,  over  wlii<-h  the  ice  h>s  flowed,  arc 
vrara  and  rounded  Into  the  form  called  " TOilies  moHlonnlts" 
with  the  upstream  side  gently  sloping  an<l  [Kili^hed,  but  with  the 
downstream  si<)e  abrupt  and  often  rough. 


Africa     {R.  B.  Youdk) 


-  !.i!  Kilt:,  ;-,^;iih 


.\»  Id  (be  case  uf  the  river,  the  abrading  material  is  iLtelf  abraded 
in  its  journey,  and  mucit  uf  It  i»  ground  to  (he  ruck  powder  which 
heavily  loads  the  stream  flowing  from  ibc  foot  of  the  glacier.  The 
pebble5  awl  I»oukiew  are  Kcraiihed  with  [Mrallel  or  intersecting 
lines,  smoothed  and  polished,  but,  as  they  arc  not  rolled  D\-cr  and 
aver  like  rivvr  pebbles,  ihcy  are  not  spheroidal  In  }(ha[>e,  but  arc 
mure  or  less  angular  an<l  sometimes  facetted,  wilh  smooth  faces 
which  meet  at  a  distinct  angle.    This  peculiar  »ha|>e  is  dite  l<>  the 
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shifting  or  Itimii^  of  the  pebble  in  the  ice,  so  that,  afler  one  KJcle 
is  nom  fint,  atiotlier  i^  similarly  worn,  and  Ibis  may  be  so'eral 
tiroei  rcjiealcd. 

The  amount  of  dAris  produced  and  carried  by  a  gliicicr  is  often* 
very  great  In  summer  the  glaciers  of  ihc  Juslcdal  in  Norway 
together  bring  ilnwn  nearly  3,400,000  culiic  yanis  of  niuierial  duily. 

If  glaciers  arc  powerful  eroding  agents  and  doI  merely  a  means 
tX  rounding  and  polishing  the  rucks,  we  should  expect  lo  find  that 


bjHaci 


FlCt.  71 Gljclal  giouvut  on  uiiililune  cllS',  l>eia*iii<!  W'iAizt  Gap,  Ps. 


Mted  regions  display  topographical  features  not  to  be  found 
^scwhcre,  and  ibis  k  iicluully  (he  case.  Not  only  are  niundcd  and 
flowing  outlines  and  forms  produced,  in  marked  contrast  to  the 
cniggy  and  angular  shapes  dtie  to  urdiniiry  weathering,  but  the 
character  of  gbicially  excavated  valie>-s  is  extremely  significant, 
w^en  compared  with  that  of  river  valleys  (see  p.  140). 

(1)  In  CTOss-seclion  a  gladat  valley  is  U-shaped,  with  broad 
and  steep  or  vertical  sides.    If  the  upper  jKirtion  of  the 


J 


GLAQER  EROStCHf 

mUey  iras  not  cM;cu[>icd  l>y  ihe  !<;«,  t]ic  Klo}>e«  muy  l>e  gradual 
down  to  ihe  fanner  level  uf  the  ice,  where  they  become  abrupt. 
(a)  Glacial  vaDeys  are  often  slraJKht  and  0|>en  for  lung  diitlances; 
*  they  may  have  spun  aliemaling  fmm  the  oppo^te  sides,  bW 
these  spuis  are  truncated  by  the  ice,  an<i,  if  the  action  penuxled 
fiuRkienJly  long,  the  spurs  will  have  been  entirely  removed,  (i) 
The  Uibuiary  valleys  do  not  enter  the  main  valley  at  grade,  as 


the>'  normaDy  do  in  the  cft*«  of  rivers,  l>ut  enter  al  the  *i(I«  of  the 
main  valley  much  above  iu  bottom  and  hence  are  culled  hanging 
voB«yi.  The  explvutiun  of  this  peculiar  artaiifi:en»cnl  h  ihat  the 
smaner,  IributanF*  );laciers  could  excavate  their  beds  much  less 
rapidly  than  the  tnink  ii-e-streum.  "  Although  there  h  no  imi- 
form  height  at  trhich  these  side  valleys  enter  the  main  trough, 
tn  general  it  b  true  that,  the  smaller  the  tributary  valley,  the 
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'.  ir  •m  ^hc  .-liff-.  and  peaks  which 
.,  '".11,/  ;i,'  i'<-.  .;r,i|  ;|u-  i.  fjcn  '.f  tVi.-i  and  land-^Iips  is  con- 
■.p.  .  .11/    tp'.-'Tin;'  'I'p'  fi  '■.■ir'h.  -ti'.'l.  ;ind  r'-.cks  of  all  sizes,  fnim 

PI.  :i  l.l'ip  I-  ii[.  ''.  rii^i  '■■  'Yi''  -v/.t-  ',(  rni'iM?s,  This  material  is 
r.'  ;.■■!  IIP  •}•-•■;■  <<»  ,,',-.  .,f  ri,f  ;'l,ifi(-r  in  di^-'iMieily array,  and 
lip  II  ipprrii  ilif  l-ihr-il  mofihf-  When  a  (.'Ucier  is  composed  of 
(it'iiipli     Ir'  iin  ,  I'    ■.ill  \i:t  .!■  .\  '(jrrcs[<'ini]inn  number  of  medial 

tii.ilit.     I  ••    I  II'    'ir,i.  III  ilic  iiiiil'llc  of  ihc  glacier.     Wheti  two 
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branches  unite,  their  coakscctt  latent!  moraines  fotm  a  single 
medinl  moraine. 

The  quantity  of  malcnal  thus  carried  on  the  top  of  the  KJadcT 
<lq>cn(].->  u|>on  the  amounl  of  niik  surface  wiiich  exlen<i>  above 
the  level  of  the  ice  and  is  subject  to  the  action  of  the  ice  and 
Ibe  atmosphere.  In  the  Alius,  vrherc  the  Klaciers  flow  in  deep 
ravines.,  the  nvoninen  are  large,  and  some  of  the  gre;U  Aliisknn 


f  Hi.  7 J.  —  ^ront  ol   iviiia..i]n   'n.iLirr.  l*T*tn  *ina.      I  hf  djjk  buids  *rT  m.iur  ay 
MigllcUl  drill.    |R>olo(t>ph  by  Ubbe}) 

glaciers  have  iheir  lower  reacJMs  M>  oovere<l  with  rubbUb,  that 
Ihc  ice  is  visible  only  in  the  crevasses.  In  Grcenlanc),  on  the 
contntry,  the  inland  ke-t'n|)  hsa  very  little  material  on  its  surface, 
because  only  scattered  nunataks  rise  above  it. 

The  botlom  ]ian  ol  Ihe  glacier  It  a  confused  mass  of  ice,  sioncs, 
etc.,  owl  ihisdAris  isibe^(M(i»rfw«>raiW,  which  is  to  be  re|:ar(led, 
nut  as  so  much  material  pushed  along  between  the  ice  and  the  rocky 


SNOW  AND  ICB 


bed,  but  as  .in  integral  pari  (if  the  glacier.  At  the  foot  or  end  of  the 
glacier  is  the  lermituil  moraine  (sec  Fig.  6j),  where  all  the  roaterialx 
carried  arc  dumped  in  a  promi>cuous  heap,  except  so  much  as  is 
swept  away  by  the  strnini  of  water.  Besides  Ibc  moraines  proper, 
there  b  a  certain  amount  of  tnglacial  drift,  carried  in  the  body  of 
the  ice.  This  i«  derived  (mm  debris  thai  comes  from  the  surfaa;, 
but  docs  not  work  iu  way  entirely  to  the  bottom,  as  well  a.H  from 
that  which  gatliers  ujmn  the  stirfare  of  the  snow  or  nifvtf  and  is 
covered  up  by  subsequent  snowfalls.  The  materials  carried  by 
a  glai-ier  are  su.  ('Iiararicrl>lic  ati  the  marks  left  upon  the  rcickii 
over  which  the  ice  has  (lowed.  Aside  from  the  substances  swq}t 
along  by  the  sub};lacbl  stream,  the  variou.i  fraftment:*  are  not 
rounded  and  walcr-worn.  as  is  the  sediment  of  rivers.  The  mo- 
raines on  the  top  of  the  ice  (lateral  and  medial)  are  little  or  not 
at  all  abraded,  but  are  deposited  ns  angular  blocksand  frag- 
ments. The  ground  moraine,  on  the  other  hand,  is  abradetl  in 
the  ]>eculiar  way  already  deMTil>e<l.  In  all  this  work  of  gtacifil 
denudation  the  process  is  entirely  mechanical,  —  chemical  de- 
composition plays  no  part  in  it. 

Certain  other  forms  of  tmnsporlation  by  ice  may  be  conven- 
iently meniiuned  here. 

Ground  Ic«  forms  in  rivers  and  ponds  on  the  bottom,  freezinf; 
around  stonci  and  bouldcn,  and  when  broken  up  by  thaws,  thU 
ice  may  float  for  long  distances,  canning  with  it  burdens  far 
greater  than  the  stream  which  transports  the  ice  could  carry 
unassisted.  The  shnres  nf  the  S(.  Ijiwrence  River  are  fringed 
with  lines  of  large  boulders  which  ha*c  thus  been  brought  down. 

L«ke  Ice  jin^duccs  some  curious  elTecIfl  [n  northern  regions. 
When  the  lake  is  covered  wilh  cakes  of  ice  as  the  result  of  an  early 
thaw,  refree/ing,  by  e.xjianding  the  water  Ijelwcen  the  tloaling 
blocks,  causey  the  ice  to  press' strongly  upon  (he  shore  In  case 
the  lake  beach  is  (-n\'ereil  with  I>ouideni,  the  push  of  the  ice  heaps 
I     up  the  boulders  into  a  ring  wall. 

t Coast  Ice.  —  In  .\n\K  regions  the  shallow  water  along  the  coast 
'^nxzcn  in  winter  into  a  broad  shelf  of  ice  called  the  itt-Jool.    In 
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ibespriOK  tand-slips  cover  ihc  ice  with  dAris,  while  the  bottom  is 
studded  with  xtonet  aiul  pebblei.  When  (he  ice-fuot  i»  t>ru)i:cn  tij> 
in  sununer,  part  of  it  is  driftnl  »way  iind  transpons  Its  load  of  rock 
for  long  distances.  Other  parts  arc  worked  backward  and  forward 
by  the  waves  and  lid«s,  Kcoring  the  rocks  »(  ihc  aiust  and  grind- 
ing ami  potishiim;  the  frB^mcnts  of  rock  frozen  in  the  ice,  in  much 
the  same  fa^ion  a.''  gbci;)!  i*bble>  are  »ciired  and  gnmnd.  Over 
cumparatively  limited  arcjis  the  mjirks  of  coast  ice  often  have  a 
deceptive  rwemblaiKc  to  thoM  left  !>y  ^lacient. 

Icebergs.  —  When  a  glacier  enters^  lhe  sea.  it  ploughs  along  the 
tKittum  until  the  buoyant  )>ower  of  the  w:iler  breaks  off  great  fmg- 
menls  of  it,  which  float  away  as  icebergs.  'ITicse  are  often  of 
gigantic  size,  veritable  Ulands  of  ice,  and  huge  as  they  appear,  only 
sboul  oiMSRinlh  of  their  hulk  is  alcove  water.  As  icebergs  arc 
derived  from  gUciers,  they  carrj'  away  whatc%-cr  debris  the  parent 
ghdcr  bad  upon  or  within  it. 


3.  The  Sea 


The  deitrtictive  work  of  the  sea  is  accomplished  mainly  by 
means  of  the  waves  which  the  wind  nises  upon  its  surface  and  by 
wind  and  tidal  currents.  The  great  ocean  currents  arc,  as  a  rule, 
so  Ht  from  xhore,  and  flow  in  such  dee))  water,  that  their  erosi^'c 
power  is  comparatively  small.  I'^e  Oulf  Stream  is  said  to  scour 
ibe  bottom  in  the  Florida  Straits  auti  off  tlic  Carolltia  ixiiutt,  but  tht^ 
is  exceptional. 

U'avei  act  continually  upon  all  coasts,  but  with  very  different 
force  at  different  ttmn  am)  places.  According  to  obscr\-aiioits 
made  for  the  Scotch  Lightltouse  BuanI,  the  average  wave  pres- 
sure on  tfie  coa.st  of  ScotUnd  »s  for  the  five  summer  months  6n 
jxiunds  per  square  foot,  and  for  sis  winter  montlti  1086  [wundt. 
Time  are  average  figures  and  are  grently  exceeded  in  storms,  when 
the  forte  of  the  breakers  often  rises  10  many  tons  per  square  foot. 

The  effect  pnwluceil  by  this  great  fon-e  deiicnds  upon  the  char- 
a«icr  of  the  rocks  of  the  coast,  its  height,  and  the  ao^lc  at  whicli 


it  rises  out  of  the  water;  alw),  in  Ihe  i-ase  of  NtniUfied  rocks,  ujxm 
the  attitude  of  the  beds,  whether  they  arc  horizontal,  or  inclined 
toward  or  away  from  the  sea.  When  the  coast  Li  high,  steep,  and 
rocky,  the  waves  continually  wear  away  its  base,  partly  by  dis- 
lodging;  the  blocks  into  which  all  consolidated  rocks  are  divided, 
and  partly  by  using  as  projcclilw  Ihc  blocks  which  it  hiL>  tlis- 


i- Ji'.  ;4-        ^^  .tv<-  tn.rjii>ll  .    lir[-jr,ji,  J  j.irii.i.' 


lodged,  or  which  have  been  loosened  by  ihe  frost.  In  he>v\'  gates 
great  masses,  weighing  tons,  it  may  be,  are  hurled  with  Inemcndous 
riolenre  against  the  base  of  the  cliffs,  cutting  them  into  earem.t, 
which  arc  further  excavated  by  the  ordinary  surf.  Eventually, 
the  diff  i«  undermined,  aod  the  uosupported  masses  above  fall  in 


Waves  are  not  ao  entirely  dependent  for  their  cScctiveiuss  w 
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riven  are  upOD  ibc  bard  materials  which  ihc)-  dash  upon  the 
cna»t  lor  their  efficiency  as  (testrudive  agents.  The  lorce  of  the 
mere  Mow  given  by  a  tXorm  breaker  is  very  greal,  an<I  the  hydro- 
static pressure  which  first  forces  the  water  into  every  line  crevice 
of  the  rock,  and  then  wtthdravrs  it,  together  with  the  sudden 
dDinpnssion  and  nfxpansion  of  the  air  contained  in  thcite  TiKtures, 
asists  matrrially  in  the  loosening  of  the  blocks. 


Fia.75,  — WxE-culuvh,  ctMilof  CiUifcrnln.     ((Ms  G.  K.) 


Along  coasts  which  are  composed  of  hard  rorJui  the  work  of 
culling  hack  the  land  by  the  sea  is  comparatively  slow,  but  when 
the  Tocfcs  are  soft  and  yielding,  and  yet  rise  abru|>tly  (mm  (he 
oceaa,  the  waste  in  so  rapid  as  to  attract  ever)'  one's  atlcntioo. 
The  cuHSt  oi  Yorkshire  in  England  is  washed  away  at  an  average 
ntr  of  ncariy  seven  feet  per  annum.  Thi-  L^iind  of  Heligoland, 
near  the  German  coast,  has  suffered  great  kiis  from  the  attacks  of 
the  sea  wilhln  historic  limes;  the  small  caxlem  island  was  cut  off 
fruin  the  brger  island,  Heligoland  proper,  by  a  great  slonn  in  lyjo. 


At  I*ng  Rranch,  New  Jersey,  the  sandy  bluffs  must  be  artificiaUy 
protected  af;ain»i  the  attacks  t>(  the  .^ea ;  yet  in  ^]>ite  of  such  proieo- 
tiun,  almost  every  severe  gale  does  considerable  damage. 

Sandy  coasts  which  are  low  iyiiiK  an<l  flat  often  suffer  less  from 
the  inroads  of  the  sea  than  mcky  and  precipitous  ones,  especially 
as  they  art'  apt  to  be  lines  along  which  material  is  accumulating. 
Even  such  coasts  may,  howerer,  be  rapidly  cut  back,  as  is  sliuwti 


Fia.  jb.—  Ware  i^roaloa.  iiniia  dlpprng  sravt-ird:  Orkney  lilnndi.  ScoTluid 
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in  the  familiar  example  of  Coney  Islnnd,  where  great  damage  has 
been  done  of  late  years.  When  the  sea  b  eating  away  a  sandy 
shore,  the  homogeneous  material  prevents  the  occurrence  of  such 
iTTcgularitics  of  the  coastline  as  occur  in  rocky  districts.  So  long 
as  the  coast  t»  neither  elevalerl  nor  depre-ised,  the  surf  cuts  it  hack 
:it  a  continuallv  decreasing  rate,  because  the  retreat  of  the  coost- 
e  leaves  a  shelf  covered  with  shallow  water,  in  passing  o^'cr 
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man*  arc  KtanktJ  by  friction  and  utrikr  the  thoc* 

'  AninUted  hmr.    Jutt  htiw  (ui  \udi  a  otui  mtjr  be 

to  not  defim'tdy  known,  but  il  [inibAlJy  dots  out  cxrcnl 

,  al  meat.    On  the  oiber  bAtuI,  if  the  bnd  in  qucttioo 

,  dw«n  ipins  a  fimt  advanuijc  and  nuy  con- 

dmnictivc   wiMk    iDdr&niidy.     Imlcol.   virrvl    high 

an  nf  tbe  opinion  that   lliU  is  ihi-  iinly  mcttuBl  ity 


C«Mila*d*»4:  I>aBi 


»  can  br  plane*!  down  to  an  approxinuiriy  Icvd 
,  b  ihrntld  br  mmrI  thai  whoi  (he  Ms  to  adnndni 
dtmt  had  iurt*4r«,  it  fiwb  Rftdjr  to  hand  an  Eininnnc 
h  HMcriab  wbicli  arc  yewMjf  rawiraL  The  dnp 
F  focka  iBto  Km  aad  ihei}tfRiifiinM(feb]rBwwind,rnvnit 
hate  ail  ptTparad  tbr  nj  (or  the  crmivc  actim  i4  the 


sea.     When  the  coast  is  cle\-atcd,  tlie  sea  cuts  a  succession  of 
lermces. 

Besides  cuttinR  back  its  shores,  the  sea  coiitinually  (irinds  up  the 
niiiieriiil  which  i$  bniujiihl  iiitu  it  by  the  rivers,  and  tlial  which  it 
obtains  by  its  own  wear  of  the  coast,  'ITic  great  blocks  on  the 
shore  iire  mlled  about  in  itoriiw,  and  worn  into  rounded  bonldcrs, 
which  arc  gradually  reduced  to  smaller  and  smaller  sixe.     All  the 


fm.  j6.  —  Joint-Lilotk  panly  dblotlgml  by  iric  mrfon  H-mr-cut  t«r»c*;  Wick, 
Oikncy  Ittnnd* 

minerals  softer  than  quarts  are  raiiidly  ground  Into  fine  parliclce 
and  swept  away  by  ihc  undertow  into  deeper  and  quieter  waters, 
leaving  the  larger  quartz  fragments,  to  form  the  pebbles  and  sand 
of  the  beach. 

Tlie  action  i>(  the  waii-cs  is  limited  vertically,  ceasing  li>  be  cffce- 
live  in  quite  shallow  water,  not  far  heliiw  the  low-tide  mark.    In 
km  storms  iW  waves  often  accomplish  much  deslruclion  far 
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rabovi-  high  tide,  but  ilic  principal  work  of  the  wraves  b  confined  to 
K  bell  extending  from  .a  little  above  high  tide  to  toinewhat  below 
low  tide.  However,  Graham  Uland,  near  Sicily  (see  p.  67), 
which  ins  thrown  up  in  1831,  has  l>een  w  completely  rcm<»-cd 
by  the  waves  that  not  c\'cn  a  shoal  remains.  Below  the  low- 
water  mark  the  wave  work  u  often  eRlciently  Hupplcmeiiied  by 
tidaJ  nirrenb,  which  under  fa^'ourable  circumstances  acquire 
gmU  velocity  and  depth,  scouring  away  loose  materials  and 
even  cutlintE  into  solid  rock.    When  an  island  of  considerable 


fR.  79l— l|inOM  fock. OOtTodrd  by  tek-varer.  tfiOHl  ^  uliinl  tite.     (PliMo- 
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h  exposed  to  the  incoming  tide,  the  Utter  travels 
around  the  island  in  both  dtreciionx,  and  if  the  sJiape  of  the 
mainland  in  favourable,  one  of  these  currents  will  be  much  higher 
than  the  other,  which  will  produce  a  "  race  "  between  the  island 
and  the  mainland.  Hell  Gate.  New  York,  is  an  example  of  thL«; 
lite  tide  advances  through  New  Vork  Bay  and  Lohr  Uland  Sound, 
being  higher  at  flood,  lower  at  ebb,  in  the  sound  thiin  in  the  bay. 
Tbc  consequence  is  s  swift  current  into  the  bay  at  flood-tide  and 


int(>  the  sound  at  ebb.  The  door  of  the  British  Chanod,  over 
which  the  tidal  cumRLs  run  very  rapidly,  a  swept  bare  of  sand, 
which  U  carried  into  ihc  North  Sea.  Uy  such  means  as  ihb.  the  sea 
cut8  away  the  land  to  depths  much  greater  than  unassisted  it-aves 
can  tfTeclively  reach. 

Rocks  are  also  attacked  chemically  by  the  solvent  and  decom- 
posing action  of  sea-water.  The  silicates,  such  as  the  fckpaiSi 
au^'te,  hornblende,  etc.,  arc  attacked  much  more  rapidly  than  in 
{re»h  water.  In  shont  u-ater  und  on  (he  shore  (his  action  is  obrious 
only  in  spots  shehcrcd  from  the  direct  assault  of  ibc  waves,  because 
the  pnKlucIs  ii(  (]ecc>m]i(icsiti'>n  arc  immt^liately  removed  by  the  svil 
and  the  mechanical  iiurk  is  so  much  more  striking.  Limc&tone 
cotuti  »ulTer  from  wilutJun  by  sea -water,  and  are  characterized  by 
long  caverns  and  tunnels,  though  sea  caves  arc  worn  by  the  surf  in 
all  cW-teH  of  rockj^  In  the  profound  depths  of  the  oceanic  ba!ttn», 
where  the  water  is  never  disturbed  and  where  its  motion  is  ei- 
Iremcly  slow,  chemical  actirity  becomes  relatively  wry  impor* 
tant.  CslirurcouB  shells  are  completely  dissolved,  and  the  volcanic 
d^ris,  which  ooveis  the  sea-bottom  over  vast  areas,  is  disinte- 
grated into  a  char.'iciertstic  red  clay. 

1.  Lakes 


i. 


In  compariMin  with  the  lon^;  life  of  the  earth,  Likei  must  be 
regarded  as  merely  lem]K>rar>-  bodies  of  water,  which  will  soodn 
or  later  disappear,  either  by  l>cing  drained  of  their  waters  or  by 
being  filler!  up  with  ihe  sediments  which  are  washed  into  them. 
The  general  terra  hkf  is  employed  for  any  inland  body  of  water, 
which  does  not  forin  part  of  the  wii,  bul  lakt-i  air  formed  in  very 
diflerent  wajs  and  have  correspondingly  different  histories.  Most 
lakes  occupy  depressions  below  the  general  drainage  level  of 
ihe  country,  whcilicr  lliese  deprewions  be  due  to  movements  of  the 
earth's  cnist,  l<>  glacial  excavations,  to  une(]u;il  denim  posit  ion  by 
the  atmospheric-  agencies,  or  to  some  other  factor.  Others,  again, 
arc  held  back  by  dams,  such  as  lava  streams,  glacial  moraines,  or 
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die  KtacKTs  Ibcmscivcs,  by  the  debris  of  Und-»l{|is,  or  by  Uic  deltas 
of  tribiit:iry  ^'irciims  which  bring  in  more  material  than  the  main 
river  can  dispose  ot.  Olhtrs  still  iirc  «:nlargt:d  bx^iii.'i  cut  out  by 
riven.  Great  takes  ihal  (lersist  for  long  periods  of  time  are  con- 
tained m  basins,  often  of  great  depth,  which  w-ere  formeil  \yy 
movements  of  the  earth's  crust;  the  other  kinds  arc  more  evanes- 
cent and  DsuoJly  uf  rather  »null  tite. 


pin.  Vo.  —  Waw-mt  bliiffon  i^kr  Onuiio.     (tJ.  !>.  Ci.  !>.) 

Small  lakes  accomplish  wrj-  little  in  the  way  of  rock  destruction, 
but  are  rather  places  of  accumulation.  Tlie  waves,  even  in  storms, 
arc  not  hcav^  enough  ciTectivcIy  to  cut  back  ihe  shores,  while  the 
ctirrenl  of  water  through  tlie  lake  is  loo  slow  and  the  .wdimenl 
iransporled  ti»o  small  ami  light  to  rn>d«  the  bottom  as  a  river 
^^^Do.     In  great  lakes,  such  as  those  nbich  drain  into  the  St. 
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L«wrcnce,  fXonm  ikvtlop  a  vef>-  hexvy  «urf,  and  such  lakes 
eal  inio  their  chores  as  the  ocran  docs,  bui  ibc  verj-  &msU  tide 
ccHilints  the  VFUrk  uf  ifae  waves  wlthiii  narruwef  limiU,  and  the 
li^lcr  breakers  arc  less  effective.  Lakes  arc  subject  to  Viirious 
accidents  which  cauK  great  fluctuations  of  the  vfatcr-ievei.  De- 
serted shorelines  arc  marked  by  beaches  and  termces.  'I'hc 
method  of  denudation  by  lakes  b  Ibc  aamc  as  that  of  the  sea, 
but  the  modes  of  accumuLnli'm  uf  material  arc  chanKteristicaUy 
differ  en  I. 

4.  Organic  Aocncies 

The  organic  af;eiKics  arc  animals  and  plants,  both  living  and 
after  dcnlh.  In  some  retfteds  these  agencies  tend  to  counieract 
the  destnictivencss  of  others,  and  the  protective  effects  may  be 
taken  U[>  fiist. 

(1)  ProtextKY  Effftls.  — These  have  already  been  considered 
in  part,  in  connection  with  the  procesMs  of  treaiherin];;  (&ec  p.  100). 
The  protective  HTettw  of  organisms  arc  almost  entirely  those  of 
plants,  since  animals,  on  land  at  least,  are  not  sufficiently  abundant 
10  t>e  of  any  im|Kirliince  in  thin  conneclion.  A  lliick  <;o>'CrinK 
of  VTgetation.  especially  the  clasiic.  matted  roots  of  grass)'  turf, 
protects  the  ^oil  a^aiii^I  the  mechanical  wiuth  uf  rain.  How  com- 
plete this  protection  often  is.  may  be  seen  in  the  different  effects 
produced  b)'  a  heavy  fall  of  rain  u[»on  a  graas  Geld  and  on  the 
adjoining  ploughed  lands,  or  even  on  the  roadt.  The  roads  may 
be  so  washed  out  as  to  be  impassable,  while  the  grass  fields  have 
not  suffered  at  all.  In  tcrtuin  of  the  western  bad  lands,  the  effi- 
cient protection  given  by  grass  is  very  well  shown;  where  the  grass 
has  csiablishe<l  itself  thickly,  the  country  is  j;ently  rolling,  but  where 
it  is  absent,  the  wild  and  broken  bad  lands  arc  developed. 

Forests  also  are  very  important  conscrvcrs  of  the  soil,  especially 
on  mountain  sides  and  other  sleep  slopes.  The  removal  uf  forcals 
only  too  often  is  folJow-cd  by  calamitous  results. 

Vegetation,  especially  grass,  jirotccts  loose,  light  soils  from  the 
wind,  and  often  this  is  the  only  means  by  which  sand  dunes  can 
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be  held  in  phre  and  prrvcntcd  from  ovcrwhetming  \^luut>le  litnd». 
EvcD  the  tuinks  of  riven  and  the  seaciiiisl  may  be  cfGcKtilly  pro- 
tected by  planls.  Dense  masses  of  seaweed  growing;  on  the  rocks 
fomi  on  elastic  huSer  against  t)iv  .4urf,  iind  along  low  lying  tropical 


Pic.  Si.  —  ExMcm  lollowing  icmixsi  at  Smai.  <>[e>ibinoky  klu.,  Tcna. 
(U.S.  Bunss  of  VorrMtj) 


cooMs  the  mangrove  trees,  with  their  inierlacinK  aSnal  roots,  so 
break  the  force  of  ilic  wnvea  tlut  they  cannot  wash  iiwiiy  even 
fine  mud. 
The  ooly  prM«rtiat)  afforded  by  animak  lhn(  requires  mention 
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is  in  ihc  ats.e  of  coral  nth,  which,  thrown  up  along  or  parallel 
to  llif  coasl,  shield  it  from  the  heaviest  surf, 

(a)  The  Deslrutlivf  EfjeUs  of  the  orRanic  aRcncics  arc  decidedly 
suboniinnli-  Ii>  thuse  uf  tht  other  diisws  which  have  so  far  bcrn 
consi<icrcd,  but  the}'  arc  not  without  imporiancc.  The  products 
of  vtgetahle  decomjiusiliun  in  h'ty^  and  in  beds  of  clay,  muds  on 
the  sea-botlom,  etc.,  arc  efficient  means  of  chemical  change,  and 


^^ytBiani 


(U.  S.  Bureau  ol  Fcnslry) 

olwervations  show  that  the  decay  of  animals  in  the  deep  sea  is  an 
agent  of  no  mean  iraimrtancc  in  promoting  the  chemical  changes 
which  there  take  place.  But  even  living  animaU  and  plants  do 
an  important  work  in  disintegrating  rocks,  that  should  not  be  ovep  j 
looked.  Bacteria  play  a  considerable,  but  not  yet  fully  known,  part 
in  the  surf;ice  decomposition  of  rtick.t  and  soils,  Certain  of  these 
microscopic  planu  have  the  power  of  fixing  the  atmospheric  nitro- 
and  convertiog  it  Into  nitric  acid,  while  oihent  are  the  incli»)>ea- 
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sable  agents  of  organic  decomposition.  Seeds  germinating  in  the 
awkts  of  rocks,  or  the  roots  of  trees  which  invade  such  crevices 
from  above,  wedge  the  rocks  a[KLi1  with  the  samr  irresistible  powor 
aabdisplaj-edbjr  frost, and  often  large  area>o(  rock  are  tlius  mw4 
rffcctitvly  broken  up.  The  roots  of  living  plants  also  secrete  an 
acid,  which  dissolves  out  some  of  the  solulile  t:onsiiluciit!i  of  rork, 
thus  adding  it  chemical  activity  to  the  wedge-like  mechanical 
eflccts  of  growth. 

Many  marine  anim;d.i  Ixire  into  rocks,  even  the  hardest,  and 
caoBe  them  to  cnimble,  and  on  the  land  great  numbers  o[  animab 
coQltnuaily  bore  and  tunnel  through  the  soil,  allowing  a  freer 
arccas  of  air  and  water.  In  the  tropics  the  soil  is  fairly  alive  with 
the  multitude  <rf  burrowcrs.  Ekirthn-ornis  are  umung  the  mo»t 
important  agents  in  work  of  this  kind,  and  the  lost  of  Mr.  Dar- 
«riD'«  books  was  a  roost  interesting  one  U|ion  the  RcotoK<^al  work 
td  worms.  The  worms  swallow  ([uuntiiii-s  of  eartli,  for  the  sake 
of  ibe  organic  matter  which  it  contains,  and  grind  it  exceedingly 
fine  in  their  muscular  gizzards.  This  ground-up  soil  is  3lwa>'« 
deposited  on  the  surface,  in  the  form  of  the  coiled  "  worm-ca-ti- 
ings,"  M>  al>un<bint  in  unsacy  pbicet.  Worms  are  thus  continually 
undcmininK  tlic  soil,  bringing  up  material  from  below  and  depa&- 
tdng  il  on  tlw  surface,  while,  by  the  ci>lla|Lse  of  the  old  burrows, 
Ibe  first  surface  groduAlly  sinks.  In  l^ngbnd  the  mnicrial  thus 
yearly  brought  to  lite  surface  varies  from  .-leven  to  eiglitern  Ions 
per  acre,  which  means  an  average  annual  addition  of  one-tenth 
to  one-ainh  of  an  inch.  By  tins  mean.<i  the  surface  of  the  ground 
B  constantly  changed,  and  substances  spread  over  the  ground 
in  the  course  of  .vcars  make  ilieir  way  down  into  it,  forming  well- 
defined  layerc  l>rt>vath  the  surface.  In  the  tropics  ants  and 
termites  (so-called  while  ants)  are  e\-en  more  acti\-e  than  worms  in 
lunodiing  the  soil,  and  in  many  semi-arid  phiins  burrowing 
mammals  in  imrerlible  mulliludc:'  are  continually  working  over 
ihe  soil  to  great  depths,  as  in  the  prairie-dog  \il!agcs  of  our  wcstwn 
plains.  The  occa.sional  heavy  raiiu  thus  penetrate  to  depllu  which 
could  not  otherwise  be  reached. 
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ffimrff'T  of  Dcstnxtm  Actioa.  — Thr  saziicr  t4  the  land  b 
titty  mhen  attickeii  by  the  uni^-enallr  pra«ni  aunospfaere  U  a  niie 
wiiich  differs  orach  in  difTcrcnl  rcjiiom,  depending  npon  diinitte. 
devaiionabovesca-Ic^-cl.andibcmlsiiUklpomof  ibcrock&.  The 
rain  ctiemtraily  dnxrmpoMs  the  rucks,  ronvemng  them  into 
ftciD,  and  mechanically  washini;  this  soil  to  lower  Icvck  and  idio 
the  ftlrcans.  Fnjsl  »liatter>  the  rcxlcn  into  Mnaller  and  smaller 
fragments.  In  arid  rc^ns  the  exircmr  changes  of  tempetaiure 
break  u[i  ihe  rocks  much  a-t  (l(ie»  the  eiqiansivc  force  of  freeung 
wairr,  while  the  wind  uansporis  immense  vt^unxs  of  sand  and 
(lunt,  which  cut  and  car^-e  and  wear  away  the  exposed  racks. 
Underground  u-airrs,  f^pvcially  when  heated,  do  an  important 
work  of  Miiution  and  dec ompoai lion,  and,  under  fa^tiurable  cir- 
cumstances, cause  ibc  dislodgmcnt  ttf  great  taaascf  of  earth  and 
rock  in  tand-slips  and  rock -slides.  Risers  cscavaic  valleys  and 
»enc  05  the  great  agents  oi  (Tan.->[xinati(>n,  liearing  the  waxle  of  the 
land  to  Ihe  sea,  and  glaciiiTS  do  similar  work  in  a  highly  charac- 
teristic manner.  The  sea  culh  into  iu.  cosnti  1)y  t)>e  action  uf 
waves,  deepening  its  1>cd  in  shallow  places  by  tidal  currents,  and  in 
Ihe  c^aie  of  a  hIowIv  sinking  land  may  pbnc  down  great  areas  to  a 
flat,  gently  sloping  surface.  Animals  and  plants  odd  an  important 
quota  to  the  general  work  of  destruction. 

The  annual  waste  of  the  land  at  the  present  time  is  estimated  at 
ao  cubic  kilomctcri  (Pcnck).  and,  in  |ja.<I  times,  an  incalculably 
great  amount  of  material  has  been  removed  from  ihc  liind.  The 
Appalachian  Mountain  itystem  has  than  lost  thicknesses  of  rod( 
which  v-ar^'  in  ditTerent  regions  from  8000  to  30/>oo  feet,  and  it  is 
allogciher  probable  that  the  awrage  waste  of  all  the  continents 
amounts  to  several  thousands  of  feel.  The  figuno  liWcn  for  the 
basins  of  the  Missis.sippi  and  Ganges  show  that  such  waste  implies 
enonnously  lung  (icriod'i  of  time. 


CHAPTER   Vn 

RECOHSTRDCTIVE   PROCESSES.  —  CONTINERTAL   DE- 
POSITS. LAND,  SWAMP,  AND    RIVER 

We  have  bow  to  inquire  what  ljec»m«3  of  ihc  m.-Ueriul  which  is 
derived  from  the  dccom|>osii)on  and  disinicKration  of  ihe  rocks. 
Ai  the  prenent  lime,  it  h  cntimaied,  alx>ut  one-huU  »[  the  wsste 
of  the  hud  w  carried  directly  into  the  sea,  while  Ihe 
rcDuindcr  ii  aircslcd  in  iu  journey  and  dqtosiied  u))on  the 
huiiL  It  mu»i  l>c  remembered,  however,  that  when  the  mmi  ad- 
vsnccs  mxT  the  land,  these  deposits  an.  to  a  large  extent,  rapidly 
wufked  o\Kr  by  the  waves  and  converted  inlo  miirine  dqxKitx- 
The  acossiblv  n<cks  of  the  earth's  cni5l  arc  more  largely  composed 
of  inariDe  deposits  than  nf  those  laid  down  in  oilier  ways,  yet  the 
n(in-iTurin<-  Ntflimeiitan,'  rocks  wre  also  cxlrnsiwly  rqjrt^wnted. 
Ii  is  only  quite  laidy  tlwl  the  im|x»nante  of  iliU  latter  cJa.-*  of 
ruclu  has  been  appreciated.  Furthermore,  (heir  im)K>rt»nc«  is 
not  merely  quantitative,  but  lies  abo  in  the  help  which  they  ^^-c 
in  tite  dctenninatiun  of  ancient  land  iturfaces,  lake  [xAs,  river 
channrb,  kc-lk-ldB,  and  the  like.  It  is  therefore  necessary  to 
^iiudy  aD  the  nwthtxb  by  which  rock  reconstruction  is  effected,  on 
buwever  ^mall  a  scale. 

The  must  natural  primar>'  dirUion  of  the  ^imentary  accumu- 
laliuns  h  into  the  marine  and  the  nmtinentnl,  iiKluding  in  the 
butcr  the  deposits  which  arc  made  upon  [he  bnd.  or  in  such  bodies 
of  water  a.'i  are  not  jtarts  of  the  sea.  Between  these  two  |)rinci|ial 
dmsses  there  is  a  iraiisiiional  series,  cansistinR  of  deposits  laid 
down  bi  bodies  of  salt  water  whkh  are  in  tidal  connection  with  tlie 
sea,  sucJi  as  estuaries,  almost  d'lsed  bays  and  sounds,  or  seas,  like 

t  Baltic,  vrbich  are  panly  brackiih,  as  well  as  the  littoral,  or 
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seashore,  which  by  the  movement  of  ihc  tides  ifi  alternately  a 
laitd  .surface  and  a  sea-l>olloro.  These  diVtinctiorLi  are  itufficlently 
obvious,  yrt  ihcy  ore  mil  alwiij-s  ciii)'  to  apply)  especially  in  the 
alienee  of  fawils;  hence  great  difierenccs  of  opinion  continually 
arise  concerning  the  intcr[>rel»tiMn  of  certain  rock  masses. 

Stratification.  —  It  is  an  almosi  universal  characicrlsiic  of  sedi- 
mentary aa  umiibtions,  whether  modern  deposits  or  ancient  rocks, 
thai  they  are  strafified.  that  is,  divided  into  more  or  less  pandid 
layer*  or  beds.  Imleed,  the  terms  aectmSitry,  drrivative,  sedi- 
mfHtary,  and  siralificd  rocks  are  but  different  names  for  the 
same  ihin^i;.  Slnttificatioi]  iit  due  to  the  sorting  power  of  water,  or 
of  the  wind,  by  which,  so  long  as  conditions  remain  the  same,  par- 
ticles or  fragments  of  similar  ahr.  and  weighl  are  thrown  down  at 
the  same  spot.  If  sand,  gravel,  mud.  and  clay  are  shaken  together 
in  a  Jar  of  water  and  then  allowed  to  Mand,  the  variowt  materials 
will  settle  to  the  bottom  in  the  order  of  their  cotirscncss,  the  hnest 
cnmini;  down  last.  Yet  the  change  from  one  kind  of  material 
to  another  will  be  so  gradual  that  no  well-delincd  laveni  will 
apfiear,  and  thus  no  true  stratification  results.  Layers  clearly  de- 
marcated from  one  another  may  Iw  [utiduced  in  cither  one  of  two 
ways:  (i)  by  such  a  change  of  conditions  that  the  material  depos- 
ited changes  abruptly,  ihcnigh  perha]is  imly  as  a  mere  film  "f  a 
different  substance,  or  (a)  by  a  pause,  however  brief,  in  the  process 
of  deposition.  In  the  latter  iiLse,  each  layer  represents  a  time 
of  deposition  broken  by  an  interval  which  allows  the  surface  par- 
ticles to  arranjj^e  ihemselves  somewhat  differently  from  ihc  position 
they  would  take  were  the  deposition  continuous.  The  planes  of 
contaii  l>elween  the  suoceic^ve  layers,  which  may  W  indistinct  or 
very  sharply  delined,  are  culled  the  bidding  or  stratification  planes, 
and  each  one  of  these  formed  the  surface  of  the  lithosphere,  either 
as  a  land  surface  or  the  bottom  of  some  body  of  water,  for  a  short 
lime.  The  thickness  of  each  lajcr  indicates  the  length  of  time 
luring  which  the  deposition  of  similar  material  went  on  without 
uplion,  and  varies  from  hundreds  of  feet  to  a  small  frac- 
of  an  indi. 
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•  power  of  ordinary  winds  lo  transport  malerial  is  much  lets 
than  that  of  water,  and  wind-bomc  debris  is,  on  the  a^xragc,  much 
finer  than  waicr-bomc  scflimcnt,  and  furthermore  Ibe  v.in<ls  arc  letw 
coDSlant  in  direction  and  subject  to  greater  and  more  sudden 
diangeH  of  velocity.  Conscquciiily,  stratification  by  the  u-ind  ix, 
as  a  tnilc,  less  even  andregtilar  than  th;il  wliich  is  due  to  water; 
but  still  wind- made  dcpoiits  are  stratified,  and  it  is  not  always 
ptactinblv  In  dislingul-th  with  certainty  lictween  the  twn  classes. 
Fine  TOlcanic  ash  and  dust  may  be  spread  by  the  Viinds  .lOvo- 
immense  nren.i  and  in  very  reftu]:u'  l>ed>  or  :\lrata. 

The  sortiD);  power  of  water  or  wind  results  in  the  conocntiaiion 
af  similar  material,  so  that,  as  a  rule,  each  bed  Is  made  up  of  »uine 
predominant  substance  in  a  state  of  greater  or  less  purity,  such  as 
grairel,  sand,  clay,  etc.,  and  thu:i  licterogieneous  material  is  sepa> 
rated  into  its  constiltient  ]xirt»,  though  the  separation  Is  rarely 
quite  complete,  and  sometimes  there  is  hartlly  any  separation  at  all. 
On  examining  a  thick  serine  of  deposits,  we  find  (hat  the  materials 
are  apt  to  change  l»oih  icrtically  and  horizontally.  Changes  in  the 
wnical  direction  imply  changes  of  conditions,  in  accordance  with 
which  different  kinds  of  material  are  successively  laid  down  over 
the  same  iirTa,M>  that  graii-l  is  (k-poxited  onsiind.sandon  mud,  or 
viaverss.  Such  changes  are  usually  abrupt,  so  that  each  stratum 
is  dntpljr  demarcated  from  tlie  one  above  and  the  one  below  it. 
On  the  other  hand.  chani;cs  in  maierinl  in  the  horizontal  direction 
are  u.Mi.illy  gradual,  iind  a  l>ed  of  san<I  may  |iaw  by  im[iercvplible 
transitions  into  one  of  gravel  or  of  mud.  This  is  because  of  the 
grwlital  change  in  the  vejociiy  of  the  tranxpurting  agent  and  there- 
fore of  its  carrying  power.  In  the  sea  or  a  large  lake  the  materia) 
oo  the  bottom  grows  liner  outward  from  the  shore,  while  a  river, 
wboee  rcloclty  diminishes  from  head  waters  to  mouth,  lays  down 
malerial  of  decrea^iinK  coarseness,  from  the  boulders  and  cobbles 
of  the  head  waters  to  the  line  silt  of  the  lower  course. 

Each  agent  of  reconstruction,  or  deposition,  has  its  own  chamc- 
teriitir  manner  of  accumulating  material, and.  in  t)-pica I  instances, 
h  is  easy  10  dtstingui^  between  them,  but  there  are  also  many 
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similariliei  and,  as  we  have  already  learned,  it  U  somettmex  u< 
cecdingly  difiicnlt  to  determine  which  <>(  several  possible  agents 
was  the  actual  means  of  (orming  a  given  scries  of  dcpo^it^  If 
no  fossils  (I'.i;.  rwngnixjilile  Irace^  of  animals  or  plants)  arc  present, 
it  is  not  always  easy  to  determine,  (or  e>:ample,  whether  a  given 
sandstone  wiis  laid  down  in  the  .sea,  or  in  a  lake,  or  heaped  up  by 
the  winds  in  a  desert.  This  uncertainty  is,  however,  largely  <lue 
10  our  ignorance  a)nceming  all  ihe  minute  details  of  structure 
whicji  characterise  the  work  of  each  agent,  and  may  be  expected  lo 
disappear  a>  ktiowled^je  uf  ih&se  dcUil.t  advaiires.  Of  late  years 
great  progress  has  been  made  in  these  matters,  and  systematic  study, 
it  may  reasonaljly  lie  lumped,  will  remove  an  iffnorance  which  is 
owing  chiefly  to  a  neglect  of  the  siihjcrt  and  to  certain  precon- 
ceptions inherited  from  the  early  daj:s  of  geology. 

A.  CONTINKNTAL  DEPOSITS 

The  continental  deposits  may  be  ciassiCwi  in  several  different 
Wat's,  each  one  of  which  has  il.t  udvaniag^  according;  to  the  object 
aime<l  at.  Our  present  purpose  will  best  l»e  served  by  arranging 
these  accumulations,  in  general,  in  accordance  with  the  ageniry  by 
which  they  arc  made.  However,  it  is  not  feasible,  nor  even  de- 
urable,  lu  carry  "ut  this  scheme  with  ri^ifi  consistcnn-.  for  so  many 
deposits  arc  formed  by  two  or  more  agents  acting  together,  wind 
and  rain,  ice  and  water,  rivers  and  the  sea,  etc.  Then,  loo,  the 
various  agents  so  often  have  stufling  boundaries:  on  the  seashore 
ihe  tides,  es]>ccial]y  the  >pring  and  neap  tides,  make  the  limits 
of  iand  and  sea  somewhat  indefinite,  while  rivers,  now  coo- 
fineil  to  their  channels,  ajjuin  are  flooded  so  as  to  form  gftaX 
temporan'  lakes;  the  rare  but  \-iolenl  rains  of  the  descvl  may 
cover  with  a  sheet  of  shallow  water  great  areas  which  are  ordi- 
narily baked  and  cracke<l  by  the  blading  .sun.  Owing  to  this  shift- 
ing of  limits  and  the  alternation  of  agencies,  continental  dcjjoKits 
seldom  display  such  uniformity  oi'er  wide  areas  a.s  obtains  <m  the 
sea-botiom,  where  ihe  conditions  are  so  much  more  constant. 
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The  land  is  (he  scene  Imth  of  deoudalion  and  deposiiion,  and 
vthicb  of  (hoc  two  processes  »hall  pr«vjil  in  nny  unsi  <te[>end> 
upon  the  irt[)ogra|>bv  and  the  climate  of  that  area.  As  b  shown 
in  the  diagram,  Fig,  83,  "nly  aluiui  oni^fifth  of  the  land  xurfaoe 
is  mbed  more  than  i30o  meters  (about  4000  Tect)  above  the  tcvcl 
of  thesca.nnd  (his  fifth  indiidi-^  lhereitioii>of  moM  active  dentida- 
liwn;  ihree&Iths,  at  succcsMvely  lower  levels,  are  areas  of  progrcs- 
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Flo- 1).  — DitgtaM  ikoBlng  iba  idatiofi  bctaeai  belghi  wid  mm  «(  Uad  Above 
•aa-)(*r)  and  o(  aalm  in  mvan  l»kii».  V*nicd  column*  ol  ttfun*  indicate 
Itdchtt  aad  dtpdii  in  meiets ;  on  lioiiionHl  bne.  uKlioiu  of  njuun  Ulomoten. 
(PMck) 


•Ively  less  effective  erosion,  as  wv  descend  from  hiRher  to  lower 
ground,  while  the  remstninK  fifth  rerci\-c*  deposits  up<in  it.  Nearly 
a  fifth  of  the  land  of  the  globe  is  oomprLscd  in  interior  continental 
lKi»tn«  nhidi  iu\-e  an  arid  dinutc  and  an-  w  rthout  ;in  oullei  tn  (he 
sea;  some,  indeed,  like  ibc  lower  Jordan  valley  and  the  IJead  Sea. 
ue  far  below  the  ocean  Uivd.  Probably  one-lialf  of  this  <le^ri  and 
«ini-dr»en  urra  b  the  seal  of  extensive  deposiiion.    The  areas  of 
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denudation  %nd  those  of  depotiiiion  are  thu>  (letermined  by  climate 
and  topography,  and  shift  as  those  faaois  change  or  are  modified 
fay  dia.>itrophic  mnvemenl.t  of  the  earth '$  itusi. 

I.  Terrestrial  Deposits 

Coder  ihiii  head  are  included  those  accumulalionit  of  ihe  me- 
chanical and  chemical  waste  of  prwxi^tent  rocks  which  are  formed 
on  land  surfaces  and  not  in  permanent  bodies  of  water.  Deposits 
made  by  ice  are  conwideml  in  a  sojuirute  .'section.  The  principal 
agencies  which  form  deposits  of  this  class  are  rain  and  wind  and 
springs,  ami  the  great  variety  of  them  is  due  to  dimnlic  factors,  the 
velocity  and  constancy  of  the  winds,  the  quantity  and  seasonal 
disiribuiion  of  the  rainfall,  the  amount  anil  rapidity  of  temi»rature 
changra.  Hence  we  find  different  kinds  of  dqwisits  in  deserts  and 
humid  regions,  in  cold,  temperate,  and  tropical  climates,  near  the 
seashore,  and  in  tlie  interior  of  the  a>nltnenbs.  The  necessity  of 
conMdering  and  emphasizing  these  differences  lies  in  their  value 
for  histuri<al  studie*.  E^ery  nxk  bears  within  it  a  reconl  of  its 
history,  could  wc  only  decipher  it. 

Residua]  Accumulations;  Soil.  —  Ax  n*e  havealready  Men,  the 
disintegration  and  decay  of  rock  results  in  the  formBtioo  of  soil, 
which  is  Ihe  residuum  after  the  removal  of  more  or  le^s  of  Ihe  par- 
ent rock.  In  humid  climates  there  is  usually  a  distinct  subsoil 
which  is  less  thoroughly  oxidized  and  hydraicd  and  is  lighter  in 
colour  and  much  less  fertile  than  the  tup  soil,  which  In  largelv  due 
to  the  washing  downward  of  the  fine  clay  particles  by  percolating 
minwater.  In  arid  climates  there  is  le!»  kaoUnizailion  of  the 
aluminous  silicates,  a  much  deeper  lop  soil,  and  little  or  no  distinct 
sulMoil.  Under  the  influence  of  wind,  rain,  and  other  agendes, 
the  soil  travels  down  the  slopes  and  accumulates,  often  to  great 
depths,  in  valley  and  depressions,  and  is  carried  in  enormous 
volume  by  the  rivers.  Very  little  soil,  as  such,  is  built  into  the 
rocks  of  the  earth's  crust,  but  sometimes  it  is  buried  under  a  lava 
■ream  or  depressed  beneath  Ihe  sea  or  a  lake  in  such  a  manner 
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to  be  u-ashcd  away,  but  immediately  covered  by  other  dfr- 
pcisits.  Such  an  old  soil,  or  "  dirt  bed,"  may  be  reroftnizcti  by  its 
lexiura  and  appcaraocc  and  by  the  fossil  twots  and  stems  of  land 
f^ni!  with  which  ii  h  agn  tu  be  tilled. 

Lalrritf  is  a  peculiar  s(mI  VTry  widely  spread  in  the  tropics  and  of 
3  <ieep  twl  colour,  caused  by  the  presence  of  Fe/ij.  It  differ*  from 
ordinary  soils  in  the  fact  Ihiit  miK'h  <>f  the  alumina  is  present  as  an 
oxide,  iiuicad  of  the  silicate,  and  is  frctjucntly  characlcriKe<t  by 
lumps  and  noduka  o(  Vefi,,  which  arc  produced  by  a  chemical 
process  of  concentration. 

Qieminl  Deposits.  —  In  the  tro|)t»,  which  so  larfi;ely  have  a 
regular  alternation  of  rainy  and  dry  seasons,  and  in  arid  regions, 
where  the  rain  often  falb  in  torrential  showent,  followed  by  long 
periods  of  dn>ught.  the  movement  of  vrater  through  the  soil  is 
&r()ucnUy  reversed  in  direction.  During  the  rains  the  movement 
is  downwanl;  in  the  dry  iieritKl  e\'ai>oration  from  the  surface  and 
eapiHariiycausc  a  slow  ascent  of  the  water  through  the  soil.  Often 
thJK  awemlin^  water  Is  charged  with  material  in  solution  and  ihi» 
material  is  deposited  on  or  near  the  surface  as  the  water  evaporates. 
In  desiert:it  and  senu-dcserLs  the  surface  is  often  while  with  salt,  the 
sulphate  or  orbtmate  ot  soda,  lionix,  and  other  soluble  com- 
pMiods.  The  iron  nodules  of  latcritc  are  produced  in  thb  manner, 
and  sometimes  these  nodules  are  cemented  into  continuouN  shrets 
□f  cnidc  haematite.  Where  the  soil  and  underlying  rocks  contain  the 
carbonate  of  lime  abundanUy,  the  water  concentrate  them  at 
ihe  surface,  it  may  lie,  ius  in  South  Africa,  In  very  extcnsire  sheets 
t4  hard  Unvcslonc,  These  terrestrial  chemical  deposits  may  cover 
very  wide  am.i,  hut  never  in  any  great  t)ticl:n<9S. 

Ibcbaaical  Deposits  arc  made  on  land  surfaces  by  various  agen- 
cies and  form  (juantitatively  mucJi  the  mo^t  important  series  of  the 
doss. 

Taitu  and  Bretria.  —  As  hxt  been  pointed  out  (jip.  1 1 4  and  ■  tS), 
icreat  masses  of  angular  blocks  of  all  sizes  accumulate  at  the  foot 
uf  cliffs  and  on  mountain  slopes  as  tz\uA,  which  shows  an  imper- 
[ect  divuiuQ  into  layers  aiul  is  slowly  but  continually  creeping 


dnwnward.    By  lh«  deposition  of  some  cementing  material  {uiu- 
aliy  CaCOj)  in  the  inlersiices  of  the  talus  the  blocks  may  be  bound 
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into  a  solid  mass,  callcti  brfccia.  of  which  ihe  peruliarily  is  that  the 
fraj<menLs  comjiosin}!  il  are  angular,  not  rounded. 

Loess.  — In  arid  regions  the  wind  often  carries  the  finer  parts  of 
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the  soil  10  immcnscdistanccsam]  deposits  them  where  they  are  less 
exposed  lu  the  wind,  and  where  there  is  vc^i-tailon  rmnigh  to  hold 
tbcm.  In  Central  As'u  the  s\in  is  often  darkened  for  da>~s  by  these 
diBi-storms,  and  after  they  are  past,  a  fine  deposit  iif  yellow  duxi 
i»  found  over  e\«rjiliin^.  Ijies»  is  a  de[TOsit  formed  in  this  way, 
aod  it  U  found  in  many  land^.  One  of  the  largest  known  accumu- 
hlkins  of  it  ts  in  northern  China,  where  it  covcni  an  immense  ureu, 


(U.S.G.S.) 

Id  deplhs  of  looo  to  1500  feet.  It  i»  not  gir;ililied,  hui  rieares 
fcrtimlly,  and  thus  the  ravines  and  valleys  excaratcd  in  it  have 
WTf  abrupt  stiles.  Loes.'i  aLw  occurs  in  Eurtr)>e,  and  the  Pampas 
nf  the  Arf^nlinv  Kcpublic  Jire  covered  with  a  gri-at  ihicknett*  of  it. 
The  loeMi  (if  tlw  MississipfH  valley,  though  of  rather  exceptional 
dharacler.  is  yx\  probahly  of  icolian  origin. 

Platen  Sand.  ^Whcrewr  a  sandy  soil  occurit  unprotected  by 
ationt  OS  in  deserlji  or  along  the  .teaoogut,  the  wind  drifts  the 
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sand  and  piles  it  up  into  hills  or  sand  dunes.  The  dunes  are 
roughly  divided  into  bycrs,  the  ihicknesii  and  indin^ticHi  <>(  which 
depend  upon  ihe  force  and  'lirection  of  the  wind,  and  often  iml- 
talc  the  confused  arrangement  of  sands  piled  up  by  wavts  and 
currents  under  rater.  The  »iid-gritiD»  of  the  dunes  arc,  however, 
more  rounded  by  ihc  abrasion  which  they  hare  undergone  and, 
e5|>ecially  in  deserts,  they  are  a[i|  to  be  smaller.     When  the  sands 


IL 


are  mised  with  pieces  of  shells  and  other  calcareoas  materia!,  per- 
coluting  waters,  by  (ILssolvinji:  and  redeposllin^  the  CaCOi,  may 
ccmcnl  the  sands  into  firm  rock.  This  is  the  more  conspicuous 
when  the  whole  material  is  calcareous,  as  in  the  shell  sands  of 
Bermuda.  This  sulistance,  ground  up  by  the  surf,  is  transported 
inland  by  the  wind  and  piled  up  into  dunes.  Rain-water  cements 
:<>c»e  grains  together,  and  by  the  alternate  accumulation  by 
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wind  and  cemeoting  by  rain  is  formed  the  stratified  wolian  or 
drift -i^nd  rock. 

Spring  I>epoeils.  —  As  our  knowledge  of  microscopic  plants 
increases,  mnnj'  processes  which  were  helievet!  in  he  purely  chemi- 
cal, are  found  to  be  dependent  upon  ihe  activity  of  minute  plants. 
At  present,  ft  t$  nui  possible  to  distinguish  accurately,  in  all  ca«e», 
between  the  two  kinds  of  pr»cc>scs. 

Mnny  sjiriRgit  [>recij>it;ile  carbonate  of  lime,  on  coming  to  ihe 
siatacc.  The  quantity  of  OiCOj  which  a  gi«n  «)lumc  of  water 
will  dlsiialve  depends  upon  the  amount  of  CO*  contained  in  that 
wsteT,  and  the  (guanltty  of  divuiU*e<1  giut,  aicain,  \*  delermintvl  by 
the  pKitiirc  10  which  it  is  subjected.     When  the  spring-waters 


Fm.  §j.  —  Iclsal  Mctlos  itaiodBh  Mrnnmoih  Hot  Sprini^.  iliowini;  tint  waHr  ntijig 
Airougli  llmeiioot.    (lta><den) 

read)  the  surface,  the  pressure  is  relieved,  much  of  the  C0(  im- 
tnedEBidy  esi-aii«»,  and  more  or  less  of  the  CaCOj  is  deposited  a* 
Imxrtinf  in  Ihe  neighbourhood  of  the  spring,  often  in  masses  of 
coRtiderable  exieni  aiul  thickness.  The  [>roceM«  is  not  alwsv-s 
entirety  chemical.  The  beautiful  calcareous  terrace  formed  by 
the  Mammoth  Hot  Springs,  in  the  Yelluw^tone  Park,  i.->.  in  jiart 
It  least,  due  to  the  separation  of  the  lime  salt  from  the  water  by  a 
jelly-ifkc  plant,  which  grows  in  the  hot  water  and  is  spread  in 
brighl  cuktured  ]a>-ers  over  ibe  surface  of  the  terrace.  The  parts 
al  ilic  Icmce  where  dqN»iiion  is  no  longer  in  progress  can  be  at 
once  dUlinguished  by  their  white  colour. 

Siliceous  deposits  arc  much  less  common  than  the  calcareous, 
becauw  oi  ibc  rare  ixm<liiiom  tUHler  which  xiliia  L-'  dissoli-ett 
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I  in  any  considerable  quantity,  bot  solutions  of  alkaline  carbon- 

ates Iieing  necessarj'  for  ihis  [>ur[Hisc.  In  tlie  Yellowstune  P;irk, 
especially  on  the  Fireliole  River,  arc  great  terraces  and  HaL*  of 
hard  while  siliceous  sinter,  or  gcyacriie,  which  have  been  formed 
and  are  still  \x\ng  added  to  by  the  innumerable  hot  springs  and 
geysere.  The  silica  is  deposited  partly  by  (he  evaporation  of  the 
water  and  partly  by  the  action  of  Algir  (minute  plants)  which 


FlC.  18.  —  TiJ.uiiiiii.'  L'-iracE  <it  the  M.iJiiiiiijili  liui  S|jiiiig>.  Vc-lluAtlDnc  Pjrk 

flourish  in  hot-water  pools.    Similar  deposits  arc  found  in  ih^ 
geyser  regions  of  Icelan<l  and  New  ^dand. 

Iron  dq)o»ts  arc  formed  by  the  springs  known  as  (halybealt, 
which  contain  the  carbonate  of  iron  (FcCO,)  in  solution.  Con- 
tact with  the  air  si»et!dily  converts  the  soluble  carlwnate  into  the 
insoluble  Fe^,,  which  forms  brown  staias  and  patches  on  the 
clianncis  leading  from  Siuch  springs,  and  ooii>:i<lerable  quantilici  <t( 
it  collect  in  pools.     Here  again,  organic  agency  may  supplement 
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A*  aMnriol  work,  fbr  mtto  iKiWb  extnct  ana  fmm  the  water, 
a>  otiier  Ah^  ansa  &rk  ind 

CcTtaira  nttneru  ipcipjp  Are  of  i  fli|uw  tBprti  is  Htiw  f  f ii^ 
wajr  is  wtiidi  miacnl  vnas  may  havv  been  Eomnd  (hc  p.  430] 
TbeSalpfaar  Bank  Spctnip  m  the  Coaii  Raage  of  Cafifbraia.  are  ui 
opctuBjr  Btraclii'c  cMinpIc  of  this  mamty.    Bdotr  the  (icpths 
lo  wfticii  the  atnosphcrk  inftKnces  prwftnif,  the  fivnr^  fa  the 
rocks  an  fiOnl  with  h3rdrucd  nBca,  which  b-as  soft  as  cheese  and 
contains  more  or  Ic»  dntabu  (tuipbide  of  mermnr).    In  odier 
pbcn  the  siUca  »  hutlencd  fu  rhaWHunr,  and  deporite  of  cn»- 
nabar  nuxed  trhh  iron  pyrites  fill  up  tiw  atvias.    The  hot  inwa 
which  boik)  op  these  depostu  are  afluEnc,  thaigej  with  ccrtaia 
ad(b  and  aOufine  su^Aides.    Near  Virginia,  dr.  Nerada,  hot      ^ 
alkaline  ^irinp  rise  tfanm|^  a  series  of  fissures,  in  which  iher  have      , 
deposited  lining  of  sSca,  anmrpbans  and  chalcedoaic,  with  some      J 
quartz,  coQlainioR  minute  mstals  of  iroa  pt-ritcs  and  traces  of 
copper  and  guU.    On  the  surface  the  ^iringt  hare  funDcd  a  thick 
kyw  of  geyserile. 

Phosphate  Deporits  are  the  onlj^  strictly  terrestrial  or^ntc  (or- 
matiooB  whicJi  raqtiire  notice.  These  arc  principally  derired  tmm 
guano,  vMch  is  the  acctimulaled  excrement  of  birds  (in  ^vcs,  of 
bata),  and  coiitaii»  phnspbatca  in  Ear^gc  quantity.  In  lainksB 
regions,  such  as  ihc  Peruvian  coasts  and  islands,  the  )cuano  may 
accuRtnlale  to  grexi  thickness  without  hea  at  its  xuluble  nultcrs. 
but  in  rainy  districts  these  arc  largely  carried  away  by  percolaliiq; 
watcn.  Shoul<I  the  underlWnx  n>rk  be  a  limesiuoe,  it  will  be 
gradually  convened  from  a.  carbonate  into  a  phosphate  of  lime. 
Such  b  bdiet'ed  to  be  the  mode  of  origin  of  the  phosphaik  rock  of 
Florida  and  (he  West  Indies.  On  the  other  hand,  the  phosphatic 
nodutes  of  South  Carolina  are  regarded  as  due  to  the  action  of 
swamp  water  upon  underlying  shdl  rocks,  though  Ihc  source  of 
pfaoHphoric  ariii  Is  not  well  understood. 

Care  Deposits.  —The  chemically  formed  rave  deixistts  are  due 
10  the  solution  and  redepotu'tion  of  carbonate  of  lime.    Catcs  are 
generally  found  In  limMioncs,  and  ihe  [jcrculating  wat 
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id  ika  dketdbtvfl  bt  iMdt  Dp 
bf  hjvB  «■  Ac  iBa-  lidt.  «mS  it  Wcnwwa  «  com.  At  &M,  d» 
dEpoil  B  «Ue.  afafw,  nd  tccv  fauble.  owbBm  •!  «  iMcll. 
but  icptttto  atpncnias  ■■  ^  OK  mMffsttco  oi  tM  piMWBi  nm 
tad  omum  u  «ai  a  fewd,  tsudoccBt  stone,  whidi  asHaam  a 
CTymSne  atnctare  ikRK^  the  dcvdDf  raent  of  calcitc  t^r  ara* 
IpaiiJiB  pymh  Tbc  ansMK  Uhb  fanned,  ttui  depend  fmm  the 
mof  <if  Ac  (Men.  an  aSed  tiolMiilo.  After  hanyinic  (or  a  time 
fmB  the  raoi,  ibc  drop  of  water  (alb  In  ibr  Hour  «tf  the  ot^f,  ami 
ihov.  Id  aaAr  faibion,  deposits  a  little  hyer  of  OrtX)),  whkli 
gndnal^  pnn  i^iwaid  into  a  cone.  This  is  a  Uuhfiwlr,  ami 
diflecs  bom  the  stalactiie  only  in  iIk  fact  that  it  gn>«'»  u)ivranl 
from  the  door,  iutead  of  downward  (n>m  thr  Twtl.  The  staU|^ 
ante  b,  of  oiurse,  exactly  brncaih  the  st^ilaciiiv.  uimI  as  tonjt  as 
the  water  ciiniinues  to  follow  the  shom  |iiiih,  the  twrxi  t-unn  «ra 
steadily,  ibmigh  very  slowly,  increased  Ix^lh  in  Iwiftbl  and  ihtck- 
aGs»,  until  they  meet,  unite,  snd  form  a  pillar  cxlcndiiiK  fmin  floor 
to  roof  of  the  cavern. 

These  deposits  fono  the  most  curiou«  and  Iwnuttful  features  <i( 
limestcine  caverns.  The  stalai-lites  axsumc  nil  ^lanl>l^^l>f  !.hn|>«t, 
deternuncd  by  the  way  in  which  the  watn  trickles  over  ihcm,  and 
tbe  abuntbuKe  or  scaotinew  of  tlie  water  su)))>ly.  l-'anlMlk  anal 
beautiful  shapcsQf  ever}-  description,  fringes  of  crystal  H|uir,  and 
curtain-like  draperies  liaiiK  from  the  n>of  ami  cover  Ihc  walU  uf 
tbe  chambcn,  while  i;rotcs(]ue  shapes  rise  from  iIk  floor,  which  U 
itself  often  a  solid  mass  of  tlie  Mime  rl«|)osit,  and  the  pillars,  nnc« 
formed,  are  omamented  with  c^■c1^'  variety  of  fringe  and  Miilplurr. 
The  constancy  of  the  paths  by  whlib  ihe  water  descentb  tlimuKli 
the  roof  of  the  cavem.  insures  thai  the  procen  «hall  continite 
uninterrupledty  for  wry  long  periods  of  time.    The  Luray  Caremi 
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of  Virginia  are  famous  for  the  bizarre  bcauiy  of  their  forinadons, 
bul  limestone  caves  everywhere  have  more  or  less  of  the  same 
deposit  to  show. 

Thi«  process  may  l>e  readily  observed  in  any  mauwiiry  arch, 
through  which  rain-water  pcrtolates,  as  a.  bridge,  for  example. 
The  lime  of  the  mortar  is  convertcii,  in  cour»e  of  lime,  by  contact 
with  moist  air.  into  CuCOj.  and  ihiji  again  is  partially  dissolved  by 
the  rain.  When  the  rain-water  trickles  through  the  arch,  it  leaves 
iciclc'likc  dq)(»its,  or  ihiii  slieets  of  calcareous  mailer,  fringing 
the  under  side. 

In  a  cave,  it  treiiucntly  happens  that  angular  fragments  fail 
from  ihc  roof  and  are  cemented  into  a  breccia  by  deposits  of 
Malagniiie.  fn  cai-e*  connected  with  the  .surface  by  openings, 
sand  and  gravel,  or  line  soil  and  loam,  are  washed  in  by  streams, 
or  by  the  rain,  and  form  the  characteristic  de|>osit  knownas  cavr 
earth.  In  ancient  cai-ernn,  no  lunger  subject  to  this  wash,  the 
whole  deposit  of  earth  may  be  sealed  in  by  a  covering  of  stalag- 
mite Ca^'e  e:trth  ba»,  in  many  in»lancex,  yiekled  great  ([Uanitties 
of  bones,  which  were  washed  in  with  the  earth,  or  dragged  in  by 
the  ciirnivorou.'*  animaLt  which  inhabited  the  cavern.  The  Port 
Kennedy  cave  in  Pennsylvania  is  almost  filled  up  by  the  bones  of 
extinct  animals  which  were  washed  into  it,  and  many  such  cases 
are  known,  esjiecially  in  Eurojw. 

II.    PAtUSTRINE  OR   SWAMI*  DEPOSrTS 

The  most  important  of  the  swamj)  and  bog  dqxwils  are  the 
vegetable  accumulations,  for  the  prcscn'alion  of  which  a  certain 
amount  of  nater  is  neccifiary.  The  \ast  quantities  of  coal  whidi 
occur  in  so  many  parts  of  the  world,  testify  to  the  significance  of 
the  part  which  bog  and  swamp  accumulation.-t  of  vegetable  matter 
have  plaj-ed  in  the  earth's  history.  The  ni-arcst  approach  to  coal 
that  we  have  in  process  of  funnaliun  at  the  i)r«sem  daj",  we  find 
En  the  pe»t-1>ogK,  which  are  especially  abundant  and  extensive  in 
cool,  damp  climates,  as  in  Ireland,  Scandinavia,  and  the  northern 
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pans  of  Sorlh  America,  in  northern  regions  ihc  ])cat  is  formed 
prtncipaDy  by  mossca,  and  especially  by  the  bog  moss.  Sphagnum; 
dscwbcre,  an  in  i)k  Grciit  Di.iinal  Sw:im]i  of  Virjitni.i,  the  leaves 
of  trees  and  various  nqualic  pliinis  nrr  the  sources  of  supply. 

The  processes  of  orfianic  ilecom[Hi%i(i>in  depend  u;i»n  the 
activities  of  bacteria,  but.  for  the  sake  of  simplicity,  wk  may 
ireal  ibe  subject  at  if  the  procc^e*  were  chemicaJ  only.  Vege- 
table m;ittcr  coi»isls  of  carbon,  hydrogen,  oxygen,  and  nitrogen, 
itith  a  certain  proportion  of  mineral  matter,  or  ash,  Wlien  de- 
canng  <>n  ihc  gmund,  exjuwed  li)  the  air,  the  plant  (i.^ucs  arc  com- 
pictdy  oxidized,  and  form  such  simi>lc  and  stable  compounds  as 
H/),  NH|,  and  the  more  rompli-j:  humou.s  aci<Is,  and  thus 
lly  any  solid  residue  is  left.  In  forests  the  accumulation  of 
leave  for  many  centuries  result  only  in  a  shullow  layer  of  vege- 
table mould.  I'nder  water,  where  the  supply  of  oxj-gcn  is  very 
Umilcd,  vegetable  decomposition  is  much  less  complete.  Some 
COi,  H/>,  and  CHt  (m.^^'h  giLs)  are  formed,  but  much  of  the 
hydrogen  and  nearly  all  of  (he  carbon  remain;  the  farther  clccon>- 
pusitioa  proceeds,  the  higher  does  the  percentage  of  carbon  rise, 
Mid  the  darker  does  the  mliiur  of  the  m;i5s  become.  I'eiit  fre- 
(|uenlly  forms  in  small  lakes  and  ponds,  aquatic  plants  growing 
out  from  the  e(|ge»  and  on  the  surface,  until  they  gradually  fill  up 
the  ba^n  and  convert  the  pond  into  a  bog. 

The  Great  OUmal  Swamp  of  Mrginia  and  \orth  Carolina  pnth- 
■Uy  more  nearly  reproduces  than  do  most  existing  peat-bogs  the 
eooditions  of  the  ancient  coal  swamps.  The  swamp,  which  meas- 
ures thirty  mil(9  by  (en,  ts  >  dense  growth  of  vegetation  upon  a 
K-ater-covercd  soil  of  pure  peal  about  fifteen  feci  dixp  and  with  no 
adniixture  of  .'ur<limenl.  Ilie  i^wnrnp  rii-|>rew  grow^  abundantly  in 
the  bog,  and  prevents,  by  its  dense  sha<le,  ihe  evaporation  which 
woulil  Like  place  in  xummer,  could  the  sun's  ny*  penetrate  to  Ihe 
wel  soil.  The  shallow  layer  of  water  ivhich  covers  the  ground 
receiva  the  fallen  leaves,  twigs,  and  branches,  and  sometimes 
rvcn  the  trunks  of  fallen  Irecs,  prcwnting  Iheir  tfomplele  decom- 
posiliun,  while  the  dense  cQ](ci1!£qE,imf^7?*cds,  and  ferns 
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which  carpet  the  i^und,  add  their  quota  to  lh«  masa  of  decaying 
vefj:e1al>l«  mailer.  Al  the  bottom  of  ih«  bog,  it  is  of  interest  to 
obscnc,  is  a  layer  of  fire-clay,  which,  by  its  impcn-iousness,  tends 
to  hold  the  water  and  prevent  iu  draining  away.  Peal  swam|is, 
formed  in  a  similar  manner,  also  occur  at  the  mouths  ol  great 
rivers,  KUih  m  the  Kfi'i»i».si|>|ii. 


Flti.9CL  —  (it<:>lUl*nuJ  Swamp.  Virginia.    (U.  S.  G.  S.) 

The  bogi  of  northern  latitudes  arc  due  principally  to  the  bog 
moss  Spkagnum,  which  Forms  dense  and  tangled  masses  of  vege- 
tation, dead  and  decaying  below,  green  and  l1(>u^i.^)1ing  alK>ve. 
As  tlwse  mosses  hold  water  like  a  sponge,  they  will  develop  bogs  in 
any  shallow  depression,  or  even  on  a  llal  surface,  where  they  may 
|et  a  fuolh'ilil.  The  depth  of  peat  is  sometimes  as  much  a.<  fifty 
and  its  dci]f(ty  and  fineness  of  grain  increoiw  with  the  depth 
length  of  lime  it  has  been  macerating  in  water. 
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Pif«  clay  is  frequently  found  at  the  Imttom  of  peat-bog&,  and  Is 
duTctJ)'  amneclcti  with  the  prixxsscs  of  vegetable  (l«x)aipositiQD, 
(ttou^b  not  itsci/  of  organic  origin.  Fire-day  contaias  a  large 
admixture  of  siliceous  sand,  but  is  free  from  lime,  magnesia,  the 
alkalies,  and  any  hi};h  pcrccniaKc  of  iron;  it  is  tliui^  a  mixture  of 
nearly  pure  cby  ami  sand,  viixkh  may  be  healed  very  highly  with- 
oui  mciting  or  cnunbting.  Tlie  iron,  alkalies,  and  alkaline  earths 
are  gradually  lou-hed  out  of  the  clay  by  the  action  of  the  peaty 
walrr,  wbkh  fe  charged  u-ith  organic  acids,  and  thus  an  ordinary 
day  is  converted  ititu  a  tire-clay.  Fire-clay  occurs  fretjuenlly 
bcocaih  co«]  seams;  a*  the  percentage  of  silica  becomes  vety  high, 
llre-ctay  ixuscs  u^er  into  gannister,  which  Lt  largely  used  for  the 
lining  of  iron  furnaces. 

Bog  Iroa-ore  ts  aiwther  substance  which  ix  indirenly  due  lo  the 
decay  of  jtlanis.;  it  ts  found  at  the  bottom  of  bogs,  or  lakes,  in 
deposits  which  are  sometimes  many  feel  thick.  Iron  is  a  very 
widely  diwrminalcd  sut^ttance,  occurring  in  almiwt  all  rock*  an<l 
M/ibr,  though  usually  in  very  small  quantities;  by  the  action  of  the 
bog  water  theoxide  Lt  converted  into  the  .loluhle  cjirlK>nate  (FeOOi). 
Solutions  of  PcCU)  accumulate  under  peat-bogs  and  dcpoMt  their 
mitMral  by  concentration;  but  when  the  iron-bearing  waters 
r«aponile  in  contact  with  the  air,  the  carbonate  is  reconverted  into 
the  red  oxide,  by  the  loss  of  COt  and  absorption  of  O. 

III.     FLVVIATtLE  OK    KlViilt  DcPCStTS 


In  ft  preceding  chapter  we  learned  that  the  )>owvr  of  a  xlream  of 
water  lo  transport  sediment  depends  ui>on  its  velocity,  which,  lo  its 
turn,  b  determined  by  the  slope  of  the  gniund  and  the  volume  of 
water.  Further,  wc  dijcovcrcd  the  very  surprising  fact  that,  for 
the  coarser  material  which  b  pushed  along  the  l)ottoro,  the  tnn»> 
porting  power  innrascs  as  the  sixth  power  of  the  velocity  (7"=  l"). 
It  follows  from  Ihuthat  a  slight  decrease  in  thes<iriftnes.iof  a  Mream 
will  cause  it  in  throw  down  the  greater  part  of  iti  load  of  sediment, 
while  a  sli^t  iocnasc  will  cause  it  10  cair)-  oGT  what  it  had  before 
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deposited.  Thus,  great  rivers,  like  th«  MiMiitsippi,  whkh  flow  in 
M>fi,  easily  moved  (le|xisitN,  arc  |)r«mincnily  whinuical  and  treach- 
cruu&  M  Uic  volume  aod  velocity  of  the  stream  are  much  sub- 
ject la  chan^,  there  will  obviously  Iw  corrcspondint;  changes  in 
the  scour  and  dcposilion  at  any  gi^cn  point,  but  there  are  rerialn 
pbca  where  de[)0^iIi<>Il  is  so  constant  that  extensive  accumulations 
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may  be  formed  thrrc.  As  we  Iraoe  a  rivxr  downw&rd  from  its 
source  in  a  niounlxiin  rci^ioii,  we  find  tliat  in  the  upper  stream, 
which  is  a  torrent  in  swiftness,  only  large  stnnn  remain  at  rest, 
cvcrj'ihing  else  licinj;  swept  alon^.  Farther  down  stream,  a:*  the 
slope  of  the  bed  tiiminislies,  the  mar*  gravel  is  thrown  down,  neit 
the  coarse  sand  ■  deposited,  and  in  the  lower  reaches  of  a  river, 
kh.  Iil;e  the  MisMNsipj)},  flovi>  over  UikI  that  has  a  very  gentle 
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slnpe,  and  L«  rahtd  bui  lililc  abot-e  the  sea-level,  ont)'  ihe  finest  silt 
gathers  on  ihc  bottom.  The  entcl  limits  of  the  ditTcrcnt  kinds  of 
ilqMisit  will  \-ary  with  the  siaffi  of  water. 

At  points  where  ihc  velocity  of  the  slTCiim  meets  a  constant  check, 
there  will  be  constant  deposition,  and  thus  itan  and  istand»  are 
buQlupin  thechAnnel.whichtvill  he  {lermaneiiltinlesi  some  change 
of  condttioii.1  is  brought  about.    In  the  sand-bars  and  {;ravel-spiL<t 


FH:.?!^  — ElUHnofAood:  liaKkllms.S.U.    (U.&.G.&) 

the  up-strcara  side  ts  a  gentle  sJopc,  ending  abruptly  on  the  down- 
ttrram  Aide,  the  bar  or  spit  advancin;{  by  ba\'iu};  ^nd  of  )^avd 
pushed  up  ihe  gentle  stope  by  the  currvnt  and  droi^ped  over  the 
n«ep  fa*e.  where  it  forms  inclined  bycrs.  Flaltcned  and  don- 
gilod  pcbUe:*  arrau]ce  themselves  so  as  to  offer  the  least  rcsisUince 
to  the  nimnl,  in  «  slanliitg  position,  with  ihdr  tops  down  stream. 
Viticn  the  stream  is  sulxtidii^,  the  tnaierial   tends  to  assume  a 


FLUVIATILE  DEPOSITS 


more    hariz(>ntal   cit  reel  ion,   i;Iving   an   irregular   and   confused 
Ktrntilkation  to  these  deposits. 

Alluvial  Cooes  or  Fans.  —  Where  a  swlfi  torrent,  (lecccndtng  a 
stcfji  f,\»\)i:,  ili-ljiiiichw  on  iL  ))l»in  tir  wide  valley,  its  wlocity  is 
greatly  diminished,  and  a  large  part  of  the  material  which  il  tarries 
IK  ihruwn  down  aixl  !;|>re:id  in  a  tan  ^hajic  from  the  opening  of  the 
ravine  in  which  the  lorrenl  flows.    The  thickness  of  (he  cone  is 


Fl(i.q3.  — S*nd  ilr|K»it>.  Nonli  TLitlL-  Hint.  SrbtaiVx.     (U.  S.  G.  S.) 

greuieHt  at  the  month  of  the  ravine,  while  its  breadth  increases  out- 
ward from  that  point.  Where  several  liuch  torrentv  0]»eii  on  the 
plain  near  together,  tlieir  fans  may  coalrate  and  form  a  continuous 
fringe  along  the  base  of  the  mountain.  The  slojie  of  the  cone's 
surface  diminUh(»  with  the  ^he  of  the  stream;  in  small  strcaDiii  it 
may  be  as  steep  as  io°.  These  cones  are  formed  on  much  the 
same  principle  as  deltas,  and  might,  witli  propriety,  be  called  ter- 
1  deltas.    Very  huge  alluvial  cones  arc  found  in  the  Rocky 
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Mount&tn  and  Great  Basin  reKionti,  ^nernlly  in  the  forcUnds 
which  from  IiifEh  muunUiim.  In  ihc  wcsicm  pan  of  ihe  Ar^ntine 
R(T>uli!ic,  al<mg  ihc  from  of  the  Andes,  ihe  leiniKiran-  t'ixxts  formed 
by  ibc  CDdtins  snow  bring  <iovtn  enormous  quantities  of  mud  and 
fine  sand  and  spread  it  out  over  the  plain.  Where  the  rivets 
discturge  into  ihe  sea,  this  priKess  of  upbuilding  is  limiicd,  except 
where  there  is  slow  dowtiwarijin};  of  the  foreland,  but  in  interior 
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FlCt.  9|,  —  Aliuirial  cone,  tnnelieil  liy  uicani,  *nii  wondsiy  toAc  be<ow. 
(U.S-CSO 

iLfid  basins,  without  outlet,  it  mny  uccumuliitc  v«ry  gnat  thick- 
nesses of  H\fT-inadc  sediments. 

Flood  Plains.  —  Rivers,  a»  is  well  known,  are  subject  to  floods 
when  (he  volume  of  water  bcnonnously  increased  and  can  no  longer 
be  contained  in  the  ordinary  channel,  but  spmds  out  over  the 
fcvH  ground  on  each  side.  By  this  spreading,  which  may  be 
fornttiv  miles  in  both  directions,  lite  velocity  of  thewuier  is  much 


[i«l.  ami  niT-r  the  llM(Kl«d  .iim  (flood  plun)  laigc  quan- 
of  maicrial  arc  thrown  down,  nhilc  the  uodieckcd  velociiy 
in  the  channel  tmiy  csuhc  a  xioiiring  and  deqtcning  there  or, 
trader  other  condiliuns,  thr  channel  and  flood  plain  may  tiolh  1>e 
buUt  u|>,  ei]i(.i tally  if  the  river  tluw  ihruuf^h  a  .slowly  subsiding  re- 
gion. The  lulurc  of  the  malcrbl  deposited  D\-cr  the  flood  plain  will 
ilepeni]  on  Uie  character  and  swiftne^  of  the  flooded  siream,  and 
TUics  from  the  coarcsl  griiwl  lo  ihc  finest  sill.  The  liilter  is  more 
iCAol,  for  the  flood  plain  is  widest  along  the  lower  course  of  the 
river,  FI'kmI  [iliiin  Hep<xUls  attain  greal  importance  in  inlcrior 
Ittxim  which  have  do  dr.iinji(;e  otitlet  and  coiucqucntly  retain  all 
the  maierbl  nhich  »  urashed  into  ibcm  from  the  ^surrounding  moun- 
tains by  Ibe  luio  or  river&.  lo  such  basins  the  rivers  end  in  salt 
bkn  iir  die  out  in  the  nnds,  but  at  intervals,  it  may  l>e  only 
nreiy  or  during  an  annual  tret  sesisun,  the  rivers  are  l!i>oded  and 
ImnKmsc  area*  of  the  desert  are  converted  into  shallow  seas.  Near 
the  mountains  is  formed  a  fringe  of  .%Iluviat  cones,  which  may 
coaleace  into  a  roniinuoai  IhHi,  and  over  the  centra!  parts  of  the 
tosin  is  spread  the  finer  rniilrn:il  in  e\*eii  and  regular  strnlilicacion. 
TV  wind  may  carry  away  all  this  material  and  remove  it  be>ond  ihe 
limits  of  the  Ihvin,  lea^*ing  only  Mony  wa*^lcs,  or  the  de|Hi»it«  may 
wtumubte  to  a  RTcat  thickness,  according  to  circumstances. 

Even  in  dimales  of  heavy  rainfall  ftreai  interior  l>a.<in^,  dne  to 
dnwnwarping,  ,ire  found,  and  though  ihi-y  <lr»in  m  thr  sea,  they 
may  become  filled  lo  great  deptts  with  ri^er  deposits.  The  interior 
ot  South  America,  drained  by  the  Orinoco,  Amazon.  Paraguay, 
elc,  b  an  example  of  such  basins  where  river  deposition  is  activdy 
pofressittg  on  a  vcrv-  large  »cale. 

In  dfniates  wiiji  abundant  rainfall  (plui'tal  climates)  the  flood 
Pbins  nf  riverj  are  covered  with  vtT.'eiatiou  wliiirh  ]ir<»tcrt*  the 
iVhh)  deposits,  but  in  arid  climates  the  flood  plains  arc  bare  of 
limitation  for  the  whole  or  must  of  the  year,  and  the  river  depaiul» 
■r:  "I  lo  the  sun.    Great  areas  <>f  mud  and  sill,  this  ex- 

p.  i  ink  in  drying  and  crack  in  deep  fissurts,  which  enclose 

(niygaaa]  aits&,  aa  may  be  seen  in  any  mud  puddle  whkh  is  drjHi^ 
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in  the  sun.  The  cracks  thus  formed  arc  callet]  sun  or  mud  rraeh 
und  may  be  prcser\ef|  indcltnitdy  in  hkIcs  whkh  arc  formed  from 
fiood-plain  accumulaiioos.  In  such  dcposils  ihcre  »  apt  to  l>e  n 
(lifferetitc  in  the  material  thrown  (Juwn  in  the  uirlier  and  later  stages 
of  the  tlofjd,  because  i>f  the  difference  in  the  velocity  mih  which  the 
watem  mtuc.  After  the  river  cea.ieti  to  rise,  the  vraler  over  the 
flood  plain  becomes  almost  stagnant  and  lays  doicD  very  gnc 


FtO.  q6.  —  Sim  rr.ickt  in  Nv«.>tli  »ha)c.  .-ihoui  >',  nalutnl  ila 

material,  which  thus  forms  the  cracked  surface.  When  the  new 
flood  arri\-e«,  it  carries  cfla^^e^  material,  fret|ueriily  sand,  which  IUIk 
up  the  cracks  and  thus  prese^^-es  them.  M\id  cracks  are  formed 
under  other  lunditions,  as  will  lie  .leen  in  The  following;  jiages,  but 
probably  nowhere  on  such  an  extensive  scale  as  on  the  flood 
plains  of  rivers  which  flow  through  arid  regions.    Footprints  of 
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Luid  animals  may  be  pnscn-ed  in  the  name  manner  by  being  baked 
hard  in  the  hoi  sun  and  then  buried  under  the  deposiis  of  ihc  next 
flood.  Such  cracks  and  footprinis,  ami  e\en  tlie  impression  uf  rain- 
drops, are  I'requenlly  found  in  Uie  rocks  and  give  valuable  a&aislance 
in  determining  tbc  titmlition*  under  which  (how  rocks  were  furmeii. 

In  ancient  flocxi-plain  deposits,  which  the  rivers  that  made  them 
have  long  xince  de»enett,  the  old  channels  are  indicated  by  coarser 
material,  sands  and  gravel  cemenleil  inii)  sandstone  and  conglom- 
oaie.  When  these  old  channels  arc  plotted  on  a  map,  (heir  unuou» 
course,  great  length  in  pr»p<irlion  to  width,  and  ihdr  ramifying 
tributaries  dearly  mark  them  out  as  the  records  of  an  ancient 
system  of  drainage.  Such  i  hannels  and  ihe  atnimpanylng  broad 
and  reRUtarly  strstiiicd  6ood'plain  deposits  cover  vcrj-  extensive 
areas  in  Siwlh  Dakota,  Nebr-L^ka,  and  others  of  the  Wwlern  States. 

Rinr  Tanaccs  and  Ok)  Gnitrels.  —  I'he  lower  coun>cs  of  many 
riven,  including  most  of  those  in  the  northern  I'Mitetl  Statu,  and 
Bonic  in  the  southern,  are  bordered  by  a  succenion  of  terraces  that 
rice  symmetrica  1 1)'  on  tbc  two  sides  of  the  stream.  Somelimeit,  as 
in  many  I-jigli.<h  rivers,  the  lcrrace.s  are  at  different  levels  on  oppo- 
site sides.  The  formation  of  these  terraces  is  due  to  a  twofold 
activity  uf  the  river;  the  combined  deepening  of  tlii;  channi'l  and 
bnildiof;  up  of  the  ttood  plain  at  length  make  the  trough  of  the  river 
m  deep  that  tloods  no  longer  fill  it,  cs(>ecially  if  the  velocity  of  the 
ninml  be  maintained  or  increased  by  an  elevation  of  the  region 
drained  by  the  river.  Then  the  encrg>'  of  tlic  current  Li  [lartly 
employed  in  widening  tlie  channel  and  forming  a  new  flood  plaiOi 
cutiinf;  back  the  edges  of  the  old  flood  plain,  which  it  can  no  longer 
mtrtiow,  tbm  convening  it  into  a  terrace,  which  is  the  remnant 
of  an  old  flood  plain.  The  process  may  l>e  repeated  many  times, 
and  thu»  successive  terraces  rise,  one  al>o>-e  another,  as  we  recede 
from  the  river. 

It  Mceasarily  follows  from  this  account  that  the  highest  lerracc 
is  the  oldest,  and  the  lowest  is  the  last  formed.  This  seems  to  be 
a  violation  of  the  rule  that,  in  any  series  of  sedimentary  deposits, 
ibe  oldest  mu»  be  at  the  bottom  and  tlw  newest  at  the  lop;  but 
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the  violation  is  only  apparmi,  not  real.  Vien  the  rircr  to  flow  al 
a  constant  level,  n»  lemcca  could  be  formed,  and  tbc  (kpoeits 
would  iollow  the  rule,  just  as  they  do  now  in  each  xucccsttiw  duod 
plain  and  temice.  Because,  however,  the  stream  Oows  at  suc- 
ccssivrlt-  lower  levels,  th«  lourcr  flixid  i)biQ  1%  nuile  up  of  ihe 
newer  deposits.  It  should  furtitcr  be  observed  that  tbc  ulder 
grards  do  niii  aciuuUy  overlie  the  newer  ones,  but  are  merely  at 
hi^Kr  levcts. 


FIC.  w-  —  R'vrt  ldrr«a;  ChcUn  Kiwr,  V\  aih.    (U.  S.  G.  S.) 

Uitfnmimelrical  tcrntccs,  which  arc  either  confined  to  one  side 
of  ihc  river,  or  if  prescm  on  Iwih  side*,  are  on  different  levels,  ait 
formed  when  a  stream  is  widening  its  ralU-y  by  steadily  cutting 
away  the  bank  on  one  side,  shifitnK  the  channel  toward  that  ude, 
and  at  the  j.anie  lime  deepening  it.  This  will  result  in  ihe  forma- 
lion  of  terraces  represcntinfi  Ihc  former  positions  of  the  &trcam- 
If  the  lateral  movement  be  all  in  one  direction,  the  terraces  wil 


aO  be  on  the  side  awav  from  which  ihff  channel  is  shifting;  if  it 
be  »lten»atcly  io  ojijKBiie  i|iri»^^(ions,  terraces  will  be  formeil  on 
both  adtat,  but  ai  differcni  lc\'els. 

Another  method  oi  Icrracc  fi)rm;nion  should  be  menlioDed. 
If  a  river  which  han  excavated  a  deep  vailcj',  have  its  velocity 
diedial  by  a  slow  subsidence  <>f  ihe  e»untry,  it  will  commence  to 
£11  up  its  vttUejr  with  gravel  or  other  sediment,  and  may  ihtis 


rVi.  9S.  —  Trmce  on  dMeiicd  chaanvl ;  oentnl  New  Voik.    (U.  S.  C.  S>) 


accumubitr  materia)  of  ^ml  ihiclcncKi'  and  extent.  Should  a  re- 
tferation  of  the  rountn-  now  occur,  the  river  will  ac()uire  new 
^estnirtiv'C  |>ower  xati  cut  a  lermced  <'han»el  down  thn>ui:b  its 
aim  depo&ils.  In  such  u  case  the  matrrial  is  a  continuous  mass, 
ini)  the  itravcls  of  (be  higher  terraces  are  newer  {no4  ohier)  than 
Ihuse  of  the  lower.  The  riixrsMcniey  and  Irwcll  in  EnfijUnd  aic 
btBrved  to  be  examples  of  this  mode  of  terrace  formation. 
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Rock  tenaco  In  river  vkIIcts  are  ibc  result  of  nrnua,  oot  of 
deposition,  and  are  due  to  harder  kdgcs  of  rock  wfakti  are  expoxd 
bjr  (be  cutting  of  tbe  river.  R'xk  terraces  mav  likewise  be  occa- 
sioned bf  diastrophic  omv-cmcim  and  by  loog-period  fluctuations 
in  tbc  ToluiDC  lA  tbe  ntieam.  In  all  cases  terTUce»  indicate  the 
successive  leveb  at  which  [he  river  ba^  flowed,  but  they  do  doi 
imply,  as  wnulil  xcm  at  lir>l  Mghl  lu  be  the  case,  that  (he  river 
was  once  of  sufScient  volume  to  fill  up  the  space  between  and  betow 
the  terraces. 

Dtkaa  are  accumutaUons  of  river  deposits  ai  the  mouths  of 
strauRB,  land  areas  which  tbe  riven  haw  recovered  froni  the  body 
of  water  into  which  thcv-  fiow.  The  factors  which  detennine  tbc 
formatjan  of  a  delu  are  nut  utioxeiher  clear.  The  presence  or 
absence  of  a  strong  tide  is  e%-idently  one  of  these  factors,  for  io 
lakes  and  in  seas  with  little  or  no  tide,  almost  all  sueams  form 
deltas,  wbile  those  rivers  which  empty  into  tbe  open  ocean  almost 
invariably  do  so  b\-  roeatLS  of  eUuaricA,  in  which  ibe  sea  encniacbes 
on  the  bnd.  In  North  America  the  rivers  which  discharge  into 
(he  Gulf  of  Mexico  form  deltas,  whik  (he  Atlantic  streams  nearly 
all  have  estuaries.  In  Europe  the  delta -forming  ri%«rs  empty  inlo 
the  Mediterranean,  the  Baltic,  and  the  Black  and  Caspian  ;ea& 
Nevertheless,  the  tide  a  e\-idently  not  tbe  sole  factor  in  d«cr- 
mtning  the  presence  of  a  ddta.  The  Ganges  aiul  ItrihnupiKilm 
have  formed  a  vast  delu  in  spite  of  the  powerful  tide  of  tbe  Bay  of 
Bengal;  tbe  Thames  and  the  Rhine  discharge  into  oppasite  sides 
of  the  North  Sea,  yet,  while  tbe  Utter  has  built  up  a  delu.  the 
former  opens  into  a  wide  estuary.  If  (Iw  sealiutiam  ts  subsiding 
faster  than  the  river  deposit  is  built  up,  no  ddta  will  be  formed,  but 
an  estuary ;  while,  on  the  other  band,  slow  and  moderate  subn- 
deocc  is  favorable  to  ddta  fiirmation. 

When  a  stream  loaded  with  sediment  Sows  into  tbe  reUli\-dy 
stationar}-  waters  of  a  lake  or  «a,  its  velocity  is  checked  and  the 
grtttier  part  of  its  load  ^try  rapidly  thrown  down.  Deposition 
place  much  more  rapidly  in  nit  water  than  in  fresh,  because 
lived  sahs  reduce  the  cohesion  of  the  water,  aiKl  hoice 
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iliminisb  ibe  friction  jFhkh  retards  the  M:llling  of  sill.  Thecxccft- 
sivdy  fin«  parittleN  of  fby,  whkh  in  fresh  walcr  remain  suspended 
for  weeks,  are  thrown  down  in  sill  water  in  a  (ew  hours;  hence 
the  great  wAas  of  the  sediment  falls  to  the  bottom  in  the  vicinity 
of  the  stream's  mouth.  S\Kh  ra|)td  :u-i-umubtioTi  oWirucLs  the 
Bciw  uf  iltc  rivxr  and  causes  it  to  divide  and  seek  nvw  channels, 
especially  in  lime  of  flood,  and  form  a  net»-ork  of  sluggish  streams 


Sia.  9Q. —  D«lia  at  Rundoui  Cirtk  in  tite  Kudwn  ttncr;  Rondout.  N.V. 
(Pbologiapb  l>f  ran  Ingni} 


laeandering  across  the  low  flats.    The  height  of  the  delta  is  in- 

erased  by  the  spreading;  waters  of  iIk  ri^-er,  when  in  flood,  and  the 

rlh  of  vit^ctalion  assists  in  raising  ihe  land.    Though  ihe 

'Wisissippi  delta  Ls  an  area  of  subsidence.  Iwo-tliirds  of  its  surface 

it  abcnrc  water,  when  the  river  is  in  its  ordinary  stages.     But  for 

hllie  levees.  Itoweirer,  roost  of  it  would  be  inun<Latcd  in  limes  of 

'  8mx1,  when  the  unconfined  waters  of  the  river  would  form  a  lake 


I 


6oo  miles  lonj;,  te  mileH  wide,  Hncl  n-itli  an  arer.ige  dpplli  of 
isi  feel. 


KlC.  too.  —  Sntlint;  o(  eUy  In  uti  and  ir-  --h  ■■  ii.  r   .i(:.r  n  .imir'     ">r  in  on  iv 

ten  cc>niBlni  ikli  wutr  uid  li  clcu,  iihile  ihe  fnsh  mm  l»  nill  nirtild. 


^^^tfdi 


Tliv  nulure  of  tlic  miitrniiU  of  which  (letl:i$  cnnKist  vurics  ac> 
ing  to  circum&iancca.    When  mDuntains  are  near  the  roast, 
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the  streuns  domng  frtm  them  may  descend  into  the  Mia  vriih 
«ufficiml  vek>city  to  build  a  ilehu  of  col)MenIone»  and  coarse 
panl.  Usually,  however,  detlii«  (urmMl  in  sens  »re  composed  of 
xrry  fine  nulerials.  because  the  lowor  course  of  most  rivers  is 
thfougii  flat  pUi»»,  iind  ihe  stream  ciin  nrry  only  very  fine  ftill. 
Even  in  such  cases,  (licrc  will  be  differences  in  the  coarseness  and 
tnitmr»'  ot  the  nuleriiJ,  correspond  in);  lo  the  seasons  of  hlch  and 
low  water  in  the  river. 

The  material  composinK  a  delta  is  atratifted  in  characteristic 
ways,  which  »Tiry  iiciording  lo  rircwmslame.'s.  Three  diiTervnt 
kindtt  of  beds  may  bcdisUn^^uished.  (i)  the  6oKt»«(-jrt  beds,  which 
ca«isist  of  Anc  muienal,  s]>read  out  in  regular,  nearly  horixonUil 
Li  r  tfie  H^i-bottom;    (1)  the  forad  beds,  which  arc  made 

u[  itly  tiurxrr  sediment  in  layers  which  have  a  decided  sea- 

rani  inclination,  the  steepness  of  which  depends  upon  the  depths 
tif  water  in  which  the  dArb  is  thrown  down;  (3)  the  Krpstt  beds, 
lurizontal  Inyers,  which  arc  deposited  by  the  river  upon  the  ad- 
tmncinn  fomei  strata,  as  iJie  latter  shoal  the  water,  and  are 
usually,  for  ih«  most  ]»r),  of  subnerial  origin.  \%  a  rule,  the  titpset 
iful  iKiiit.m-sct  beds  cover  the  wider  are.i.  bu!  the  foreset  make  up 
■be  incaier  volume  of  ilte  delta. 

When  a  rapid  subsidence  is  going  on.  the  whole  delta  may  be 
nibmarinc,  and  the  same  re&ull  may  be  effected  by  powerful 
wave  and  tidal  action, a«  in  the  ca.'V  of  the  Amu/nn.  which  hasasub- 
nwTKcd  delta  cxtcndin};  about  135  miles  to  sea  and  covered  with 
1^  than  10  falhomx  of  w:i(er.  When  the  mte  of  »JnLinfc  Is  less 
than  that  of  nccumubtion  and  the  power  of  waves  and  tides  U  rela- 
ti«-cly  small,  most  of  tlw  area  of  the  deliii,  ne;{lc<'ling  the  bottoca- 
Kt  beds,  belongs  lo  the  region  of  continental  sedimentation. 

The  rate  of  delta  Kro^^h  depends  upon  the  qu.iniiiy  of  M^dinwnl 
supplied  by  the  river,  the  d«|>th  of  the  fV3i  or  lake  into  which  it 
discharges,  the  power  of  the  waves,  tides,  and  currents  which  dis- 
tribute the  jedimeni.aTKl  tlw  slationar)-  or  subsiding  character  of 
the  scab-ntom.  The  Missis<jp|>i  delta  is  advancing:  into  the  Culf 
Ml  the  fate  of  a  mite  in  16  J'cars,  and  tliai  of  the  Rhone  has  been 
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built  out  more  than  14  miles  into  the  Mediterranean  since  the  be- 
ginning of  our  era.  The  coast  of  the  upper  Adriatic  is  fringed  with 
delta  deposits  which  have  widened  from  2  to  30  miles  since  Roman 
times.  The  combined  delta  of  the  Ganges  and  Brahmapootra 
measures  about  50,000  square  miles  and  is  still  gaining,  despite  the 
powerful  tides  and  waves  of  the  Bay  of  Bengal.  On  the  other 
hand,  there  seems  to  be  a  limit  to  delta  growth  in  the  sea;  the 
Nile  delta  has  advanced  very  little  in  the  last  aooo  years,  for  a  strong 
current  sweejjs  along  the  sea-front  and  carries  away  the  sediment. 
D^ris  from  the  Indus  extends  out  800  miles  from  the  mouth  of  the 
river,  covering  an  area  of  more  than  700,000  square  miles. 


CHAPTER  Vm 


RECOnSTRUCTIVE   PROCESSES.  —  COntHtEIfTAL 
DEPOSITS,   LAKE   AHD   ICE 

IV.  LAcrsmiNE  or  Lake  Deposits 

The  term  takt  is  a  comprehensive  one  and  includes  all  <'on(ineii- 
tsl  bodies  of  Wilier,  not  in  tidal  com ra unit utitm  uiih  the  sea,  in 
which  the  water  is  relativxiy  stationary  and  not  actively  running 
Ckc  a  strain.  In  lakes  M'htch  ha^-e  an  outlet  there  in  a  mcn'cnient 
of  the  water  toward  the  outlet,  but  this  movement  is  extremely 
slow,  an<l  ill  the  Lake  of  Geneva  a  given  particle  i)f  vialer  requires 
more  than  ti  >-cucs  to  pass  through  the  length  of  the  basin. 
(FoiH) 

Lakes  arc  formed  in  a  great  ^■a^ieIy  of  wa«,  «f  which  il  is  neces- 
suy  to  mention  here  only  a  few  of  the  more  important  ones.  \Vc 
have:  (t)  Tttionk  lakes,  due  in  muvements  of  the  earth's  cmst, 
vbdher  warping  or  faulting,  by  which  basins,  subsequently  filled 
with  water,  are  fftrmwl.  In  this  class  might  Iw  included  i-oloinlc 
Uket,  which  occupy  ancient  craters,  (i)  Erosivn  lakts,  in  baaos 
•hichh;ii-eI>iTnexcavntp'lbyoreor"theriif  the  erosive  processes. 
In  ijoth  of  these  classes  the  lakes  occupy  basins  which  are  below 
the  general  <lniinage  levd  erf  the  counirj-.  (3)  Barrier  lakes,  in 
which  the  water  is  retained  by  a  built-up  dam  or  barrier,  such  .is  a 
landslip,  a  Inva  slream,  glacial  moraines,  a  <Ii-Ua  formed  by  a  tribu- 
tary in  the  main  stream,  etc.  Such  lakes  are  frequently  nbo>-e  the 
leneial  drainage  level. 

As  compared  with  the  sea,  lake  basins  are  but  small  and  shallow, 
and,  from  the  geologital  point  of  view,  they  arc  short-lived  and 
^bcmeral,  because  in  course  of  time  ihej'  are  either  drained  by 
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th<^  outlet's  cuttiiifc  tliniugh  the  retaininfi  Iianicr,  or  by  filling  up 
with  the  acdimcnt  bronglu  in  by  iributary  slrvams.  The  matcrbl 
transported  by  tiie  MiKsk->i|ipi,  wiii'li  would  require  11,000,000 
years  to  fill  the  Gulf  »i  Mexicu,  would  (ill  tlie  twsin  uf  Lake  Su- 
perior in  66,000  years.     ( Barrel!.) 

From  another  point  of  view  wc  maj'  »]>eitk  of  iem[x>nirj'  and  pcr- 
maneni  Uke.s,  the  former  usually  in  arid  climates.  Such  tem|>o- 
rary  lakes  arc  called  playas  nnd  are  fiirmetl  occn^lonnlly  or  periodi- 
cally, ac<-ur<linK  to  the  amount  and  distribution  of  the  rainfall, 
but  the  distinction  between  pliiyas  and  river  lIoodK  is  rather  arbi- 
trary, and  licnce  playa  deposits  have  already  been  described  in  con- 
nection with  tlodd  plains. 

Lakes  arc  imporlant  places  of  sedimentary  accumulalion,  for 
they  ai't  iU(  M'ttlin);  basins  am)  reiaiii  all  the  .-lecliinenl  hrcmght  in 
by  streams.  However  turbid  ilic  inllowing  streams  may  be,  ihc 
outlet  iit  beautifully  clear,  as  h  exemplified  very  strikingly  by  the 
Rhone,  which  enters  the  Lake  of  Genet's  a  muddy  stream  and 
leavo  it  in  a  state  of  e.\<)uisiie  clearness  and  brilliancy.  The 
Ycllowsliine  and  Ni^f^ra  rivers  are  other  t-xamples  of  ihc  some 
kind.  Occasional  exceptions  to  this  rule  may  occur  when  a 
shore  curreiil  wu-sht-j^  some  sediment  into  the  outlet,  as  Iu[^)ens 
in  Lake  Huron  and  the  St.  Cbir  River. 

1.  Fresh -water  Lakes,  a.  Mtihanical  Dr  posits.  The  mechani- 
cal sediment  which  .iccumulates  in  a  lake  basin  is  of  two  kinds, 
(i)  that  which  i>bniutcht  in  by  tributary  .streams,  aiul  {3)  that  which 
the  lake  itself  actjuires  by  cutting  back  its  shores;  of  these  tbe 
former  is  much  ibcKreatcr  in  volume.  Almost  without  excejition, 
rivers  entering  kikes  form  dclla.'t,  which  spread  out  fan-like  from 
the  stream  mouths,  and.  if  sufficiently  numerous,  may  fringe  tlie 
entire  lake  ^Jiorc  with  delta  de|>asiis.  Fart  of  the  materials  will 
be  distributed  by  wni^es  and  currents,  but  the  coarser  material 
remain?  tu  form  the  foreset  beds,  the  inclination  of  which  depends 
Upon  the  depth  of  the  lake  at  the  stream  mouth  and  upon  the 
oogir»eneKS  of  the  d^ri.s.  If  deposited  in  deep  water,  the  beds 
may  be  inclined  at  a  considerable  angle;    \i  in  shallow  water, 
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they  form  a  v«r>-  f;ra<l^  slope.  In  small  lakes  the  coales- 
cence ai  deltas,  or  the  adv-aiiie  i)f  a  sin)i;l«  one,  will  eventually  fill 
ii|i  the  ba&iit,  forming  first  swamjis  and  then  smooth,  grassy  mead- 
ows, Ihniugh  which  flow  the  streams,  keeping  iheir  own  channels 
deal.  Such  fillcd-up  lakes  are  common  in  many  mountain  valleys. 
In  large  l:lke^  ihc  i)roti'vs  is,  nf  t-ourse,  much  .-Jinver. 


['til.  loi,  —  OtaTcI  Ih-.mI).  Ijk?  Onijna.      iL".  S.  Li.  <■.) 


Away  from  Ihc  deltas  the  combined  action  of  die  vrnxen  and 
nmcnts  fringes  the  lake  with  <'<Mir«e  dq^v^its  of  boulders,  gravel, 
iBd  sand,  which  form  the  beach,  the  sand  extendinf;  some  dis^ 
bnce  iMll  into  Nhaltow  water.  In  l.-irjie  lakef  titu  heiin*  surf 
nib  a  terrace  on  the  shore  and  the  dt^bris  thus  obtained  builds 
out  the  terrace,  which  U  therefore  Ktid  lu  he  "  cut  and  built." 
A  succesion  of  iciraccs  indicates  the  rarious  levels  of  the  w-ater, 
for  bikes  arc  often  subject  to  gnat  fluctuation.-^  of  level.  Tlie  finer 
materials  are  carrii-d  out  into  dcrjicr  water  and  deposited  in  succcs- 
iire  layers  over  ibc  whole  lake  bottom,  the  finest  malGfiaU  in  tbc 
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centre.  The  cause  aod  fioe  seditneim  grade  into  each  oOier, 
doveUil  and  orcrUp,  because  in  heaii-y  siorms,  or  wfaco  the  atrcams 
are  In  flood,  the  coar&er  scdimcois  are  carried  fanber  out  and  de- 
poeiitcd  on  the  line,  and  lhc»e  changes  «{  material  in  any  friven 
vertical  .section,  not  too  far  from  shon,  may  be  often  rc|>calcd. 
Spcciiil  lines  irf  accumulation  for  the  coarse  substances  also  occur 
in  the  fonn  of  ahools,  spits,  cmbontunenis,  and  the  like.  1(  the 
hlic  is  subject  to  fluctuations  of  its  le%-cl,  with  the  water  much 


PtO.  tM.  — Ounn  uf  LoHc  HuoiuivIIIk.  Uuh.     (U.  S.  O.  S.] 
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higher  at  one  time  than  another,  cvtn  more  widespread  changes 
in  ihe  character  of  the  deposits  will  occur.  The  deposits  now  form- 
ing in  the  gn-al  Ijiiirentiiin  lako^,  w  hirh  occupy  a  relatively  small 
drainage  basin  and  receive  no  large  tributaries,  arc  principally 
blue  mu<l»  »n()  da)?,  jiartly  made  up  of  luiotiniie  and  partly  of  the 
d^ris  of  other  mineiats  in  an  extremely  fine  slate  of  subdivisiont 
but  not  deaimpoM^l  chemicull}'.  In  Lalic  Sujierior  the  clay  has 
generally  a  pinkish  tinge. 
Owing  to  ibc  way  in  which  the  tnatcrials  arc  arranged,  lake 
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depONis  betray  the  fonn  uf  (be  basin  in  which  they  were  laid 
doim.  Around  tlic  old  shore  line  are  masses  of  coarse  mnierialn, 
vith  deltas  ii)tcrsg>crsed,  la  mark  ihe  moulhs  oi  streams,  while 
lawanU  the  middle  of  the  basin,  quaniltics  of  fine  mud  and  clay 
bivc  iiccumulaied.  An  excellent  exiimpte  of  such  a  d<s«nefJ  lake 
basin  ia  that  known  as  Lake  Bonneville  in  Utah,  of  which  Sail 
Lake  i»  the  shrunken  remn:ii)l.  The  drying  u|)  of  ihis  lake,  which 
was  oDce  fresh  and  had  an  outlet  northward  lo  the  Snake  River, 


rta.  10}.  — TwTMOollAfcelhMfieirllte.  Uulu    lU.  &  G.  S.) 

b  mn  «%'ent  ^leolo^rnlly  so  rtcent,  ihat  its  form  and  size,  lis  shores 
and  tslaods,  its  high  and  low  stages,  tn  short,  its  hisinry,  ran  be 
made  <njt  with  greai  clcame»,  ns  has  been  admirably  done  by 
Mr.  Gilbert  of  ihc  United  Stales  Geological  Surwy.  At  iLs  lime 
of  greaie^l  exieriiinn,  haVe  Ronneiille  had  .in  urea  of  19,750 
•quare  mites  and  a  maximum  depth  of  lojo  fcvt,  while  Salt  Lake 
(which  Is  variable)  had  in  i86q  an  area  of  3170  miU«  and  an 
oircine  depth  of  46  feet.    Around  the  ancient  shores  arc  beauti- 
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fully  [>reMn-e(i  ihe  terraces,  cmbatikmenu,  and  dcllaa  of  tbc  various 
stages  of  water,  with  the  gravels  and  sands  appropriatt:  Ki  the  shal- 
low water.  The  |>rinct|ial  pari  of  the  basin  is  a  level  plain,  filled  lo 
a  great  but  unknown  dvplli  with  licils  uf  clay  anil  marl  (l-'ig.  104). 
In  still  more  ancient  lakes  the  terraces,  embankments,  and  other 
shore  (ealiire*  have  been  sivei)t  away  by  the  processes  of  denuda- 
tion, but  the  outline  of  the  lake  may  frequently  be  reconstructed 
from  ihr  character  of  the  ilt:|i(i^itM. 

b.  ChemUol  Deposits  arc  not  common,  nor  of  much  imptirtance 
in  fn-'jh  liikc>.  In  a  few,  chcmitaUy  precipitated  carbonate  of 
lime  is  found, and  more  abundant  is  limonite (3  rc,0i,3H,0).  This 
is  carried  into  the  Like  by  ^tream^  that  contain  dissolved  ferrous 
carbonate  (FcCO,),  which,  becoming  oxidised  and  hydratwl,  is  no 
longer  soluble,  an<t  accumulates  on  the  bottom,  in  Sweden  ores 
of  this  kind  are  dredged  out  of  the  lakes  and  employed  as  a  soun.'e 
of  iron. 

c.  OrgiiHU  DepOfils  are  seldom  impiirlnnLin  large  lakes,  but 
often  decidedly  .so  in  small  ones.  As  we  have  already  seen,  peat 
often  forms  to  such  an  extent  ns  lo  choke  up  the  lake  and  convert 
it  into  a  bog.  Siliceous  accumulations  are  made  on  an  extensive 
%ca\t  hy  the  minute  plants,  diatoms,  which  though  of  microscopic 
txtx,  yet  multiply  with  extraordinary  rapidity;  their  tests  of  trans- 
parent flint  Kuther  on  many  lake  bottoms  in  a  fine  deposit,  as 
white  as  flour,  and  variously  called  Trifwli  or  polishing  powder,  or 
infasorial  earth.  Calcareous  accumulations  aie  formed  by  the 
shells  of  fresh  water  mi>tluscs,  often  in  masses  of  considerable 
thickness.  The  lower  lavers  of  (his  shell  murl  have  generally  been 
so  much  disintegrated  by  the  water  as  to  be  without  any  obvious 
oTRank  structure.  Such  marls  arc  frec|uently  found  under  peal 
bog^  ami  indicate  that  the  latter  vtcte  originally  lakes,  and  in  the, 
marl  often  occur  the  bones  of  extinct  animaU. 

2.    Salt  Lakes  are  especially  characteristic  i>f  arid  climates,  m 
which  the  rainfall  is  light  and  evaporation  great.    They  may  be 
formed  in  either  of  two  ways:  (1)  ihmtigh  the  separation  of  bodies 
Icr  froTo  the  sea.    This  is  exemplified  by  the  Sahon  Sink  tn 
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the  Colorado  desert  of  southeaiilem  Culifoniia;  the  bottom  of  the 
Sink  is  considerably  below  sea  level  and  has  rccenilv  been  con- 
vened inlo  a  lake  by  the  influx  of  the  Colorado  River.  Originally 
the  Salt'in  Sink  wns  ihc  bt-Jid  of  the  Gulf  of  California  and  old 
beaches,  shell  banks,  etc.,  still  remain  to  indicate  this.  The  Colo- 
rado River,  whith  enters  the  Gulf  fmm  the  e«s[  some  distance 
belowihe  head, builtitsdcltaacr<>s6  the  Gulf  and  thiu  cut  oft  ihe 
upper  portion  into  a  .■i;ilt  lake,  whieh  .luliscijuently  disappeared  by 
evaporation.  Beds  of  salt,  which  demonstrate  the  lacustrine 
stage,  occur  in  the  Sink,  (i)  By  the  long  continued  concentration 
of  river  water  in  basins  that  have  no  outlet,  where  the  influx  of 
water  is  disposed  of  by  evaporation  from  ihe  surface  of  thv  Ukc. 
In  cither  case  an  arid  climate  is  rcqui^te  to  maintain  tbc  salinity; 
in  a  moist  rei{ion  the  larne  rainfall  and  slower  eraporation  would 
cause  the  lake  to  rise  until  it  found  an  outlet,  and  then  the  water, 
[f  originally  salt,  would  become  frcsb.  The  histor)'  of  Lake  Ronnc- 
viltc  exemplifies  the  change  from  fresh  to  saline  conditions.  As  long 
as  the  water  level  was  maintained  alwvc  the  outlet,  the  lake  wot 
fresh,  but  when  the  adviincing  aridity  of  the  climate  diminished 
the  rainfall  and  imrcascd  the  rate  of  evaporation,  the  water  le^-cl 
sank  until  it  fell  below  the  outk't.  Then  the  lake  became  saline, 
FeachinK  its  maximum  salinity  in  ihc  intensely  bitter  waters  of 
Salt  I-akc,  which  is  the  remnant  of  the  l:irf;e  lake. 

All  river  water  contains  Rrcateror  less  quantities  of  dis.soived  sub- 
stances, and  of  these  one  of  the  commonest  isor<linurysalt  (N'aCl). 
When  such  waters  arc  evaporated,  the  solids  remain  behind,  and 
thus  the  water  becomes  more  and  more  saline  till  i(  reaches  satu- 
ration. The  salt  is,  howe^•e^,  not  entirely  derived  from  the  riven, 
for  salt  isa  wry  wi<Ie-*pread  constituent  of  de^en  soils  and  surfaces, 
and  in  the  Pampasof  Argentina,  salt  crusts  form  repeatedly.  Wind 
and  rain  thus  brinji;  into  the  lake  quantities  of  salt  in  addition  to 
chat  carried  by  the  tributary  streams,  Other  substances  occur 
abo,  as,  will  be  seen  below. 

The  mechanical  deposits  formed  in  salt  lakes  do  not  differ  in 
any  very  im|>ortant  manner  from  those  of  frtsh  lakes.    I'he  finer 
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(seltlc  more  rapidly  in  brine  than  in  fresh  water,  which  makes 
)y  saline  Likes  extriiordiniirily  dear  ami  litnjml.  The  ur- 
j;ank  deposits  of  salt  lakes  arc  pntctically  nothing,  for  brackbh 
water  i.t  nm  favourable  to  many  orfianisnis  umJ  in  dense  brinex  very 
few  animals  or  plants  ciin  exist,  and  those  that  can  arc  not  the 
kinds  which  ffve  rise  to  peat,  or  to  siliceous  or  calcareous  deposits. 
For  the  same  rciison,  the  (icp»«ils  of  whaleter  kind,  laid  down  in 
salt  lakes,  arc  almost  barren  of  fossils,  c\cept  of  land  animals  and 
plants,  MKrh  as  are  wa»hc*l  into  the  lake  by  llijoded  streams. 

The  ehtmkai  lUpoiih  arc  much  the  most  intertstinj;  and  char- 
acteristic of  the  aaumuluttons  feathered  in  Kill  lakes.  These 
chcmicul  precipitates  differ  much  in  the  vaitou§  lakes,  according 
to  the  nature  of  the  rocks  which  form  the  drainage  bajiins,  but 
wfaile  some  of  the  substances  are  rare  and  restricted  in  extent. 
oUtcts  are  extremely  common  and  wide  spread.  Se\'eral  chanKinfC 
factors  combine  to  vary  the  order  of  [irecipitation  of  the  suits, 
which  is  a  highly  complex  process,  but,  in  general,  it  follows  the 
inverse  order  of  solubility,  the  least  soluble  material  being  de|>uj,ited 
firat  and  the  most  soluble  last.  Comparativ-ely  little  chemical 
taction  appears  to  take  place  in  these  lakes;  the  substances  are, 
krthe  most  part,  thrown  down  merely  by  the  evapfiration  of  satu- 
nted  volutions  and  are  the  same  as  those  carried  in  verj-  dilute  solu- 
[  boBS  by  the  tiibutiiry  springs  and  streams.  If  the  precipitation  of 
b  slow  and  occasional,  the  chemically  and  mechanically 
I  deposits  are  mingled  together;  but  if  such  precipitation  be 
npid,  then  thick  and  nearly  pure  masses  of  the  salts  are  thrown 
down  in  their  proper  order,  as  the  concentration  by  c^'aporatton 
proceeds. 

The  6rst  sululancea  to  be  deposited  from  solution  are  the  car- 
bonate of  lime  and  oxide  of  iron  (CaCOj  and  Ve^O^,  and  in 
■Dodcrately  saline  btk«s  this  is  about  the  limit  of  precipitation. 
These  same  materials  are  thrown  down  in  fresh  lakes  aLw,  and 
their  dqHisition  is  pn'ncitMlIy  due  to  the  k>ss  of  the  soKviit  COj. 
The  ancient  Lake  Liibunlaii,  which  formerly  occupied  part  of 
nartbweslem  Nevada,  was  the  scat  of  calcareous  deposition  ou  a 
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magniiicent  scale,  and  every  crag  and  islam)  wlucb  its  miers 
toucbed  h  sbmlhed  in  thick  masses  of  calcareous  Kintet.  P\*niinid 
take,  A  reroruni  "f  |jh4>ntiin,  hiis  a  renuutabk  island  of  cal- 
careous tufa;  and  Mono  Lake.  Catifornia,  b  famous  for  .itmilar 
depo&lts,  which  biivt  assumed  curious  and  vhioHical  shapes. 

As  the  coiKMitration  of   the  lake  waicis  proceeds,  the  next 
sulistanre  Ui  In-  i)rw-i|)Jl;iied  is  ^ixvum  (CiS<)„  j  Hj()),  which, 


yiii,  li-j.  —  I.^MiiU  ■-1  ,j.i._ii.oii.  luij,  l"ji-m(J  I.1I.L.,  .\iijl;„.     tv  ,  ;■>.  I',.  ^.J 


though  mucli  more  m>1u1>Ic  than  the  carlionatc  of  lime,  ts  yet  only 
^arioKly  ^o-  --Vficr  all  the  gypsum  in  solution  has  been  ihrown 
do\fii,  there  follows  a  juiu.'^e  in  the  deposition,  untD  a  further  slage 
of  concentration  ha*  been  reached,  and  then  common  salt  is  pie- 
cipitalcd,  which  deposition  continues  steadily  as  conccninttion 
proceeds,  but  at  an  a<lninced  stage  ihe  sdt  \s  mingled  with  the 
sulphate  of  magnesia  (MgSOO.  should   that  be  present.    The 
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highly  soluble  salts,  such  xs  the  chlorides  of  magnesium  and  cal- 
cium (MgClt,  CaCl^,  rcmait)  in  solution  UDtil  the  waicr  U  com- 
pletely e\'u(K>ratinl  to  dryitefw,  hence  ihey  suv  rtiely  found  in  beds 
of  roirk  i<all ;  yr(  «hi>n  they  do  occur,  as  at  Stassfun  in  Pru^ia, 
tbcy  aie  mingled  with  sail,  uhich  is  thus  precijiiL-ited  till  the  vcij 
end  of  the  prums. 


Fiu.  106.  — &>»  ilcpuMi.  Ei  Paw.  Icua.    (U.  S.  G.  S.) 


Varimis  citcumstanccs  may  chanpc  the  order  of  precipitation 
jusl  priven.  In  sen»in$  of  hi^h  water  ihe  flooded  rivers  dilute  ihe 
waters  of  the  take,  checking  ihc  chemical  precipitation  and,  at  the 
same  time,  JncTeasing  the  mechanical  deitosition;  thus  beds  of 
land  and  mud  are  thrown  down  u|>on  Ihe  beds  of  gypsum  and 
mh,  altematinji  with  them,  a.-'  the  influx  of  freih  water  or  eva|Hira- 
tloa  pmJominatcs.  CItanges  of  lemiwrature  also  lu\-e  an  effect 
u|iuR  the  ortkr  of  precipilalion.    Thus,  in  cold  weather.  Salt  Lake 
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washes  up  on  its  shores  quantities  of  sulphnlc  of  soda  (Na,SO(), 
which  h  formed  at  !ow  lemperature*  by  the  double  decomposition 
of  NaCl  and  MgSOv 

Besides  the  chemical  deponitii  already  mentioned,  others  occur 
on  a  smaller  scale.  On  the  western  side  of  the  Great  Basin,  in 
Nevada,  California,  and  Ore^n,  are  several  lakes  which  contain 
lai^e  proportions  of  carlxmale  of  sodn,  and  in  wmc  of  ihcm  the 
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concent  ration   h   xufliciently  advanced   I0   cause  precipltalioiir 
while  others  form  deposits  of  boras. 

Mud)  the  most  abundant  of  the  chemical  dej>o$its  made  in  salt 
lakes  are  |!y|)»um  and  n>rk  sttlt,  and  the  enormous  scale  on  which 
the  latter  was  formed  in  past  ages  of  the  worl<)'s  history-  is  demon- 
strated by  the  vast  bodies  of  rock  sail  which  arc  found  cmlteddcd 
in  the  rocks  in  so  many  parts  of  the  world.    Near  Berlin,  at  Spoeii- 
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berg,  an  anestan  well  was  sunk  through  such  a  dqxisit  for  nearly 
4000  feet,  witlwut  reaching  the  l>oiiom.  In  I'ariou.t  regions  of 
Uie  Uniird  Su(cs,  noUbly  in  New  York  and  Knnsiis,  litrgc  botlies 
of  sah  »re  fuutid,  but  not  on  such  a  scale  as  in  Europe. 

Salt  bodies  of  such  immefue  extent  and  thickness,  with  liiile  or 
no  interslralificd,  mechanically  deposited  material,  arc  not  ex- 
plained by  the  usual  oi>craiions  of  a  salt  lake  as  above  de^ribed. 
The  key  to  tlw  understanding  of  these  enormous  deposits  of  salt 
appears  to  be  given  by  a  gulf  fmm  the  eastern  jiart  of  the  Caiipian 
Sea,  known  as  the  Karibogas.  This  gulf,  which  is  connected  with 
the  Caspian  only  by  a  very  narrow  channel,  is  situated  in  an  ex- 
iremely  hot  and  almost  rainless  rc|j[ion,  and  evaporation  is  very 
rapid.  On  (be  bottom  masses  of  salt  have  been  deposited  unin- 
terruptedly for  a  long  time  jiast,  and  in  a  *'er\'  deep  or  a  slowly 
subskliitg  basin  tlie  priKes^  might  continue  almost  without  a  limit. 

It  should  be  noted  that  the  chemical  dqxisits  made  in  salt  lakes 
arr  rrtstalline  and  at  ihe  same  lime  stratified.  This  association 
tt  oot  ibe  usual  one,  as  stralilied  rocks  arc  ordinarily  not  cr}'sUl< 
lioe;  *ad  cr)-slaliine  rocks  are  maitly  umlratilied. 

V.   Tex  Deih)Sjts 

IVjMpiii*  made,  direcilv  or  indirectly,  by  Ihe  agenc^'  of  ice  are 
ten-  characteristic,  and  though  some  are  formed  on  land  and  some 
Hndtf  waier,  ii  is  desirable  to  consider  them  together  in  a  single 
section.  The  jieculiar  feature  of  ice  formations  may  be  much 
ufaKured  by  the  action  of  water,  cither  at  the  time  of  their  depoa- 
tfam  or  at  some  Kuh«ecitient  jwriod.  Ice  dejxufits  jitay  but  a  small 
part  qtuntJia lively  in  the  conslruclion  of  the  earth's  crust,  but  the 
light  irhicfa  (liey  throw  u|xui  cliantces  of  climate  and  similar  quev 
tioos.  lends  them  an  unusual  degree  of  inlcrest.  Only  very  rc- 
rcntly  haa  ihe  great  imporUince  of  the  pan  played  by  gbciers  in 
former  ages  f>f  the  earth's  hi.ttor>'  been  appreciated. 

Obcial  Depositfi.  —  We  have  already  karncd  that  glaciers  cany 
with  ilwrm  gre;ii  masses  ot  d€bm,  either  in  tlw  form  of  lateral 
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«n>l  mwlial  mnminc*  uprm  ibetr  u{>pcT  surfaces,  or  frozen  io  the 
int4-ri"f  of  ihr  icr,  or  (HMiwd  dong  beneatli  JL  When  ibe  ice 
mrlicK  ilie  cn'l  *t(  ilw  )(lacicr,  where  ihe  ratw  ot  lantion  and 
incllinx  imUtnai  Of h  oilier,  all  Ihc  burden  which  it  i^  iransportJng 
Ik  ib)\fMtrtl  in  a  X'eal  nxiuii'l  or  tMfie,  i)ie  Ifrmimil  moraine.  The 
lertniiwl  muralnv  i«  i umiiiritctl  of  mnimul  which  w<is  carried  ujmd 
ami  wllliin  Ihe  kc  and  Ihal  which  was  gjushed  alonji  benmlh  the 


r 


Flu.  K*.  —  FlutnlcrouiuliKnun*,  Culuatbu  GkMKf.  AImIl^     ,L  .  ^.  l,.  ^.. 

Hltcier.  ll  is  (cradiMllv  built  up  jhuumI  the  end  of  the  gbdcr  and 
rxlTtHt«  up  akifljc  iu  sikK-s  »k'  fdT  as  thr  cunfunnaiioa  of  Ibe  jtrouiMl 
wtll  i<F<mil  tW  mairritl  io|;aiher.aml  is  thusnioreor  kscrcsceotic, 
with  ovis  avv  oide  ilitTctvd  UfHrmnL  Movinf  kre  docs  aot  son  ibe 
iMMfwl  «■  hkh  il  t.ATTic9.  as  Anrioft  water  does,  became  in  a  Racier 
tlMtr  fa  Ml  suck  drAaitv  ivklioa  hetween  vrbotT  uhI  tnasfnrtiae 
(x^wtr  U*».v,  Ibe  tftaiiBal  nonne  b  wwrfcatjlfaf  aad  is  cmd- 
lOAiemb  of  jM  stes,  bam  dasi  and  aad  «p  Is  grm 
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bouldcnt  welgbing  buadredi  of  tons,  all  minf^ed  lojcether  in  con- 
fusiotL  In  Ibc  case  o(  a  ^ader  which  urrics  the  princifuil  part 
ii(  iiK  liunlen  upon  iu  upper  surface,  the  (erniinal  moraine  U  cliirfl]' 
tnaiic  up  ot  angular  blockt>  ihal  huvc  umlerg'inr  liiilr  or  no  abnition, 
togdher  witb  »rth,  sand,  gnvcl,  and  whatncf  kind  of  nuieriiil 
the  overhanging  cliffs  nuy  have  ilL-livem]  tu  ibc  nvjving  Ice. 
^linsled  with  the«  iiMientlB,ho«'ever,  will  be  f»und  more  of  leww 
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of  the  cionrtrrisiirally  worn  and  grooved  glaciaJ  petrijlo  and 
boalden,  nhkh  have  been  draggnl  alnog  under  (he  ice,  and  tcand 
aad  poikhed  b?  (be  rockv  bed.  THcrc  will  alio  be  found  some,  at 
Ittsi,  of  the  and  and  6a»  ntk  Bow  wbkb  ibe  i^ader'i  uvn  nxwc' 
mat  pnadura  and  wUiA  have  cicaped  (be  milling  of  the  wb- 
^kdal  ftrcam. 

WbcB  a  gtecier  n  retmung,  ii  may  bnild  up  a  new  terminal 
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moniine  at  euch  point  of  anreKte<)  withdr4n-!il,  ur  !(  the  retreat) 
gradual  and  steady,  the  grotind  in  froDi  of  the  ice  will  be  covered 
with  moniine  material,  spread  out  in  a  itheet,  not  he:;f)ed  up  in  a 
moraine  or  mound.  The  rctrcut  of  the  glucicr  nuy  icatc  behind 
ll  isolated  maioes  of  ice  deeply  buried  in  the  ddt>ris  of  tbe  lermiiial 
moraine;  when  such  masses  melt,  the)'  form  depressions  in  the 
mound  and  give  riitc  to  the  "  kettle  moraines."    A  shrinkiiig  gtacte 
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will  contract  laterally  and  in  depth,  as  well  as  lonRiludinaUy,  ano 
in  this  way  the  blocks  of  the  lateral  moraine  will  be  left  stranded  »t 
intervals  over  tbe  former  glacial  bed.  Such  blocks  and  boulders 
are  known  as  erralirs.  or  perched  blocks,  and  wheri  their  parent 
Icdf^  can  be  dUcovcred,  it  is  easy  to  determine  the  distance  lo 
which  they  have  been  carried.  Sometimes  «  gre*'  Iwulder  is 
so  gradually  and  gently  by  tbe  retreaiinK  ice,  that  it  is 
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exactly  l>alancfc!,  and  may  be  ihdvwI  liitckwuirl  and  fnnirnH  by  Ihc 
hand.  'Iliis  is  a  "  rockin;;-sionc."  thouf^h  it  must  not  be  supposed 
that  atl  nx'king-.Moiici-^  are  ftluciitl  (see  p.  I2z). 

The  ground  moraine  consists  of  the  d<?bris  which  is  <iep<»iicd 
underneath  moving  ice  and  that  which  is  left  from  the  bottom  of  a 
retreating  glacier.  DqxMition  bcncalh  moung  ice  is  mucb  less 
in  amount  than  erosion,  but  may  occur  in  areas  sheltered  from  ice 
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pressure,  or  where  the  ice  thins  rapidly  from  melting.  The  gniund 
moirainc  is  not  stratified,  or  but  imperfectly  »n  when  dqxisited 
partly  fnim  vraier,  and  is  of  very  different  thickness  in  different 
places;  it  consists  of  fine  material  amtaining  boulders  and  pet»> 
bles,  many  of  which  show  the  characteristic  fucciting  and  st 
and  i>  called  lill,  or  liintlckr  flay.  The  general  term  (or  a  s' 
of  glacial  deposits  is  dri/l. 


^ 
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ThewaterdepOitilswhicharemaiiein  thcncighbourhoodofai^d  in 
as^tciatiun  with  a  glacier,  arc  also  charactcrUlic  aDti  should  be  iio- 
liietl  in  thi-.  conncclion.  The  streams  which  flow  tienealh  and  from 
the  foot  of  the  ghderare  loaded  to  their  utmost  capacity  with  d^rt», 
and  usually  build  up  their  beds  by  rapid  (lc|Ki«itioij  of  the  coarser 
sediment.  Fnim  un  .ilpine  gUc  ier  thi^  dqwsit,  which  is  slratilied, 
formsaivi/feyfrdiK,  but  when  the  glacier  ends,  as  do  some  of  those  in 
Iceland,  upon  a  more  or  less  fliit  surface, u  broad  oi'eneaih  plain  is  the 
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result.  The»c  acrutnulations  may  usually  be  ili^'liticuished  from 
ordinary  river  and  flood  plain  deposits  by  iheir  upward  extension 
into  moratno  iind  by  the  evidently  glacial  ori)i;iii  of  their  maieriabt. 
EtkfTf  (or  Asar)  arc  long,  winding  ridges  of  gravel,  which  often 
ramify  like  the  hranchea  of  a  .ttream  and  were  formed  hy  streams 
which  flowed  in  channels  upon  or  in  tunnels  beneath  the  kc 
Kamfs  are  hillock-'',  or  short  ridges  of  stratified  gravel  and  sand 
heaped  up  by  ^ubglaciul  streams,  as  ibey  oinpe  from  (he  margin 
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ifc,  and  drumlins  are  elll]>ticiil  mounrl.t  of  ground  moraine, 
aes  with  some  straiification,  foimnl  near  th«  margin  of  tbc 
Ice." 

Very  instructive  examples  of  this  combined  action  may  be  ob- 
served about  tlK  great  Miilu.ii)inii  Glacier  InAU&ka.  This  is  an 
imrocDse  ice-sheet,  with  an  area  of  1 500  square  miles,  which  is 
fnnned  at  the  foot  of  the  St.  Ellun  AI|in  by  the  confluence  of  fieveral 
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fircat  KUciew.  All  the  ouier  Uinlers  of  (he  glacier  are  covered 
with  fthcets  of  moraine  mailer,  and  upon  thestaKnant  portion  of  this 
is  a  luxuHaDl  ^rovrth  of  bushes,  benejtii  which  Im  a  thickness  of  not 
leas  than  1000  fed  of  ice.  About  the  mat^n  of  the  ice-sheet,  small 
hkc8  art  fonued,  the  water  being  held  in  place  by  the  ice  barrier, 
but  thcK  lakes  are  sub}erl  to  great  rtudualions,  and  often  their 
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waters  escape  through  tunnels  in  the  jcc.  In  some  ot  these  bkes 
stratified  dcpoaits  arc  made  by  the  inflowtn]|[  streams.  Inniimcr- 
Me  jUreatm,  som«  of  tht-m  i|uili'  UrK"-'-  "se  (mm  under  the  glacier, 
aod  many  iubcrs  flowing  from  ihc  north  pass  under  the  (ree  margin 
wf  the  ite  by  incaiv  of  long  tunneK  AD  of  th«c  slrenms  are  loaded 
lo  tbeir  utmoel  capacity  with  sediment,  gravel,  and  boulder;.;  by 
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Uockini!  up  'heir  own  openings  from  the  ice.  they  likewise  cause 
Ihe  ilofiosition  of  sand,  gnvel,  atv)  tKiulder^  within  their  luriDeb, 
■Mdl,  when  the  glnder  retreats,  will  be  left  standing  as  eskCrs, 
«Mc  conical  mounds,  or  kames,  are  built  up  where  the  streams 
bust  from  under  the  ice,  and  sometime!^,  owing  to  the  great  [ircss- 
nre,  riv  Ultc  fountains.  This  kitid  of  deposition  is  characlemik 
of  retreating  ice-slwdi,  nw-ti  ax  the  ^taIa^)Hna;  in  advancing  gk> 
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eicra  denudation  will  prevail  over  dqmsition,  or,  it  the  advance 
be  not  so  great  an  lo  sweep  nway  all  ibe  previous  accumulations, 
purely  glacial  dqiosits  may  be  laid  down  upon  the  &tmified  fluvio- 
glac'ial  material. 

Iceberg  Deposits.  —  When  »  glacier  flon-s  into  the  sea  great 
m;l^st^  an:  liniki-n  (ifT  frinn  the  fiml  and  float  away  as  icebci^p. 
Icebergs  arc  thus  seen  to  be,  as  indeed  they  always  are,  derived 
from  land  ic«  and  not  from  the  freezing  of  sea-walcr.    The  ke- 
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Iierg  will,  of  course,  carry  with  it  whatever  pans  of  the  glacial 
d^ris  are  contained  within  or  upon  that  particular  fragment  of  the 
glacicf,  and  drops  this  load  oicr  the  sea-bollom,  as  the  berg  gradu- 
ally melts.  Aa  the  Greenland  icebergs  sometimes  drift  as  far  south 
as  the  A/orcs,  gbcial  boulders  are  scatteretl  all  over  the  bed  of  the 
North  Atlantic,  and  thus  we  sec  how  large  blocks  may  be  em- 
bedded in  »iratified  <)epo9.itA  \'ery  far  from  the  place  where  they 
WC7C  torn  from  their  parent  ledges. 
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Coast  Ice  Dfrposits.  —  Id  blf}\  laiiludes.  with  Inlen^Iy  cold 
wtntcrt,  xreii  ficJdK  of  kc  (the  ice-foot)  are  formed  by  Ihc  frrcxing 
of  sea-water  along  the  shore.  The  ice-foot  iKcomcs  loaded  with 
gnat  masses  of  rock,  part  of  which  is  thrown  down  from  iivcr- 
hanjcinf:  cliffs  by  the  action  of  frost,  part  picked  up  from  the  shore- 
line by  ihtf  ice  forming  aunuitd  iL  In  sunimer  the  coast  iic  t>rea):s 
up  and  Ikmts  away  with  its  load  of  blocks  and  boulders,  distributing 


(U.  S.  G.  S.) 

tbem  over  the  soa-bottom  juft  as  icebergs  do.  In  storms  Fcreat 
masao  of  coast  ice  are  often  driven  on  tlte  nhtire,  where  they  may 
fjQe  up  to  heights  of  fifty  feel  or  more,  carr^Hi^  some  of  tiK  boulders 
■bnre  the  teveb  al  whtth  they  were  picked  up.  The  coast  of 
Labrador  is  covered  fur  lung  distances  with  boulders  thus  trans- 
purted,  a*  are  many  other  Artttc  shores^  Great  roaN&es  of  tuck 
tfc  thus  transported  in  t!i«  Bahic,  and  the  di\'ert  report  that  in 


240 


a»mNEN*TAL  DEPOSITS 


the  CopCTihagoi  Sound  the  sunkcti  wrecks  ot  vtsscU  »re  covered 
nriih  ure-l>ome  blocks. 


CuuATK  Relations  or  CotmsrjnxL  DEPosns 

ThUsubjtci,  Uioughof  fcmit  import;incc  in  deciphering  ilie  earth'* 
hUlon ,  iv  cxircmi-ly  fumplcs  ainl  can  be  but  briefly  nuilinol  here. 


Fl<i.  iij.  —  U-^p'~i<  ;■ 


I.  PoIht  R^one.  —The  activity  of  frt»l  destruction  in  polar 
latidt  results  in  ilie  .-tcctimulation  of  great  talus  masses  of  sharply 
angular  bbcks  and  fraftmcnts,  while  the  low  temperature,  even  of 
Bummer,  Is  unfa\-(>urab)e  to  chemical  <leromp(isiii<in  of  the  mcks 
an<I  the  consequent  formation  of  soil.  River  deposits  are  not  cx- 
ivcly  formed,  for  rivers  in  (he  true  polar  laiKls  are  comfiaratively 
small,  while  gUcia!  acctimula lions,  on  Ibc  other  band. 
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ilssume  great  Importance.  SmaU  takes  are  frequently  foumi  among 
ibe  moraine,  bul  their  dq>o«ils  arc  not  made  on  a  large  scale.  On 
Ibe  other  band,  peat  is  very  largely  accumulated  in  the  illimitable 
"  tundras,"  or  swamps,  uf  the  Idwer  polar  latitudes,  (be  low  tem- 
peratures retarding  the  work  of  decomposition. 

2.  Temperate  Regions. — The  ien)|)eraie  regions  arc  distin- 
guished from  the  tropics  on  the  one  hand,  and  the  {x>lar  lands 
on  ibe  other,  by  tlieir  (reqtHiil  and  wide  change^  ii(  temperature 
and  by  the  vcr>'  great  variety  of  conditions  which  <^tain.  In 
temperate  climates  witli  normal  rainfall,  river  de))(isit«,  and  some- 
(iiDcs  bke  deposits,  assume  the  m«>st  important  place,  while  glacial 
drift  and  moraines  are  local  only  and  con6ned  to  mountain  areas 
suffWicnily  high  to  extend  almvc  the  smiw-linc.  Such  mountains 
are,  in  fact,  extensions  of  polar  lan<ls  into  the  lem[)CTaie  regions, 
and  ibe  dcpo^it«  characteristic  of  the  former  accompany  Ibctn. 
The  temperate  regions  of  pluvial  climate  are  dcn.scly  covered  with 
vc^taiion,  so  that,  except  on  sandy  ('(10.11.4,  wind  dep(i.tils  are  of 
snail  imporuncc  and  ihe  material  laid  down  in  ihc  flood  plains  of 
riveis  tH  tK>l  exleosively  sun-<'racketl,  while  ve^iable  aci'umula* 
lions  are  vcty  e.ileiisively  formed  in  swamps  and  bogs,  c^>ccially 
in  the  cooler  aitd  moi^tler  parts.  Pluvial  climates,  again,  are 
highly  favourable  lo  the  decom{M»iti«n  of  the  rocks  and  the  for- 
mation of  deep  ioili  which  arc  prevailingly  brown  in  colour  from 
the  preseni-e  of  hydraled  iron  oxide,  or  limoiiiic. 

In  the  semi-arid  ports  of  the  temperate  regions  wind-made 
Kccuraulalions  of  l<>e»  are  de\-eloj)ed  ver\'  exten.iitely,  and  in  tlic 
morearid  parts. river  and  playa  and  sah  lake  deposits  become  con- 
s)nciK>us.  Sun  crack.t  are  highly  characteri.'i.lic  of  playa  muds 
and  around  the  nmrgins  of  fluctuating  salt  lakes. 

3.  Tbe  Desert  Zones.  —  In  both  the  northern  and  southern 
bcmisphcrcs,  between  the  temperate  and  tropical  r^ons,  is  an 
Irregular  liell  of  desert,  encircling  the  eanb.  The  deserL<i  are  not 
entirely  rainless,  but  scj  nearly  so  that  they  have  no  drainage  out- 
let. The  Nile  and  the  C<rforado  flow  across  deserts,  but  their 
soQTCcs  lie  outside  of  the  desert  zone,  and  water  pli>)^  but  a  subor- 
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dinate  part  in  d<s«rt  nccumubtions.  Talus  mosses,  due  to  the 
rapid  rltanKes  of  tempera  lure,  arc  very  common  in  irue  deseris, 
tvhcrc  "  all  the  mountiiiDS  Hm  like  islands  out  uf  an  almost  6at 
sea  of  talus  "  {tt'alther).  Wind-blown  sand  Is,  of  course,  very 
characteriislic  of  ^^e^ens,  whi<h  lies  in  ihain^i  of  dunes,  iiisiead  of 
with  a  level  surface;  the  sand  grains  arc  small,  rounded  and 
polished  by  attrition,  ntien  fra<-iure<i  by  the  sun"s  heat,  and  pre- 
vailingly of  a  more  or  less  reddish  cokmr.  Salt  lakes  can  exist  only 
in  arid  climates,  so  ihat  salt  und  f^isum  are  among  the  must  char- 
acteristic of  desert  deposits. 

4.  The  Tropics  luive  a  <^nslanlly  high  temperature  vtith  but 
smuil  d^iiy  or  seasonal  range,  and  a  ver>'  heavy  rainfall,  which, 
however,  ift  usually  ixmfined  to  a  part  of  the  )'ear.  Chemical 
decomposition  is  thus  very  active  and  complete, and  the  soil  accu- 
mulates to  great  depllis.  Especially  characteristic  of  the  in>|)ics 
is  latcrile  (sec  p.  104),  Ihe  red  colour  of  which  tinges  the  river  silts- 
Where  the  lopography  is  favourable  to  such  accuniuljfions,  enor- 
mous niLisses  of  n\rr  deposils  are  formetl,  as  in  (he  interior  basins 
of  South  America,  while  the  alternating  wet  and  dry  seasons,  by 
reiersinji;  ihe  movement  of  water  in  Ihe  soil,  occasion  the  rumen- 
Iration  and  deposition  at  the  surface  of  iron  and  limestone. 
Despite  the  great  luxuriance  of  tropica]  vegetation,  the  climate  la 
much  less  favourable  to  the  formation  of  j>enl  than  is  that  of  cooler 
latitudes,  because  of  the  rapidity  and  completeness  of  decom)iusi- 
tion.  It  is  almost  needless  to  !Uiy  that  (he  climatic  7^nes  pass  into 
one  another  by  grtdual  transitions. 


CHAPTER    IX 

RECOirSTRUCTIVE    PROCESSES. —  HARIHE   AND 
ESTUARIHE    DEPOSITS 

B.     MARINE   DEPOSITS 

The  tea  is  Ibc  great  (hcatre  of  sedimenUi^'  accumulation,  and 
rocks  of  marine  origin  form  the  larger  part  nf  the  present  land  »ur- 
bcn.  Im(>on3ni  as  other  classes  of  deposits  may  be,  they  are 
kss  so  than  ihnse  laid  down  in  the  iKean  and  ihe  watem  imme- 
diately connccicd  with  it.  There  is  great  variety  in  the  sodimcn- 
larv  depiRil.i  madt  in  the  s«i,  which  ch;in)|;c  in  accoriiance  with 
(timaie,  ihe  depth  of  water,  the  nature  of  the  coast  rocks,  the  force 
of  winds  and  tides,  xnd  the  neames-s  rtr  rem<>t«net.i  of  the  mouths 
of  riTers  and,  in  a  verj'  important  degree,  with  the  rlev»tion  and 
niid  of  ihe  adjoiniiije  bnd  inu^ies;  very  dilTeicnt  materials  arc 
»iip]>lied  by  bold  and  rocky  shores  from  those  derived  from  flat,' 
«andy  euaAt^.  Lutjte  lan<)  tocked  seas,  like  the  (lulf  of  Mexfeo 
tnd  the  MciilcrraiH-an,  again,  have  deposits  more  or  les^  ctifTerenl 
Irom  those  of  the  open  ocean,  a  difference  which  is  Urgcly  due  to 
ibc  absence  or  insignifKancc  of  the  tide,  and  Ihe  re<lu<-cd  force  of 
iIm  vavvs. 

It  is  important  to  remember  that  the  actual  line  of  meeting  of 
sea  and  land  is  not  the  stnictural  margin  of  the  conlincni.  for  the 
rater  may  cover  a  broad  Kuhmer||;e<t  ^helf  u(  the  latter.  For  loo 
miles  east  from  the  coast  of  New  Jersey  the  water  deepens  ^-ery 
^ilually  to  the  too-failiom  line,  when(«  it  sbeh-ew  very  Ktee^ily 
to  the  profound  oceanic  abm.  Shoal  icater,  less  than  lOO  fathoms 
deep,  surroumU  all  c»;liI>,  sometimes  a.*  a  narn>w  belt,  aftat'^  '-^^  a 
nry  broad  zone    The  uansition  from  shoal  water  to  the  deep  sea 
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edge  of  Ibc  continenul  shelf.  The  ocean  ihus  oik  its  own  basin 
and  Qvexdom  ihc  nur^iu  of  the  coniincntat  pUtforms  Id  k  gmtcr 
or  ten  extent;  (his  subroerged  sbdf  constitutcit  ihc  »haUow  aca 

(fig-  "4)- 

Harine  ile|Kmu  may  be  classified  primarily  in  accordance  with 
the  depth  'if  neater  in  whkh  they  were  bid  down,  one  of  the  most 
\;ilu.ihle  guides  to  tl>e  hi-itory  of  ancient  rocks,  and  secondarily  io 
rdancc  with  the  nattire  of  the  malcm]  of  which  thejr  are  con- 
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p06«d,  and  the  proceaats  by  whkh  they  were  accumulalcd.  The 
follnn-ing  lakk  gives,  in  a  ramcwhat  modified  form,  the  cliLS$ifica- 
tion  of  Murray  and  Renartl.  rouiuliil  ujxin  the  great  cuilcctjons  of 
Btoden  marine  de|M»iu  miulc  by  the  "  Challeuger  "  expedition. 


I.  Ultural  Dcposils. 
bMKWn  liijtli  and 
lo*  water  marfct- 

)  Stmt^atcr  DciNi^is, 
between  low-K-aier 
matk  Mid  100  (atb- 


3.  AktisQ  Dcpodt*.  Uid 
down  on  tbc  oanti- 
BtntaJ  Rlupc. 


4.  Abyttnal  Dcpntlii, 
UM  <l>>wn  00  ihc 
Dceas  floor. 


Ma  HIKE  DKra«iTS 
^iuIh,  Oravelf.  Muds, 

Saudi,  Gravels,  Muds, 
Cnlcareoui  Accutnu- 
Uilon*,  etc 

Corn]  Mud. 
Vol  (Anil:  Mud. 
Gicm  Mud  and  Sand. 

Wm  Mixl. 
Rpd  Mud. 
CalmrHiuE  Dcpouia. 

Fofjuninitcral  Ooze. 
PlempoiJ  OoM. 
DialoRl  OoM. 
Rndialnrian  Gate. 
Uivaolc  Red  i'-\ay. 


I.  letri^^noua  Dc< 
pasils,  mmcrial 
derived  from  the 
land  in  su»- 
penslon  (excc[>l 
the  ratcarvou* 
aituaa). 


n.  PrliDtie  Deponu, 
formcil  in  deep 
water  (ar  «• 
moved  {rtMn  land. 


I'he  material  brought  into  the  sea  by  riveri,  or  u-astic<]  from  tli« 
»bure  by  wav-es,  is  [Ktrth'  meehanicaity  su.4(>en(lcd  and  panly  in  a 
»t«le  uf  noluiion;  the  former  is  dcpusittxf  when  the  water  is  no 
longer  able  lo  transpon  it,  while  some  of  the  latter  is  cvtracied 
by  animala  and  |>Unl^,  and  some  remains  |icrmaneiitly  disaolved. 
The  eorting  power  of  the  water  arranges  the  methunic»Ily  lH>rm; 
sediinenls  according  to  the  coarsenesN  and  fiiicne^  of  their  con- 
stituent particles,  at  the  same  time  separating  them  uccordinjc  tu 
their  tnineraingical  n>m]>iiisitti>n,  a  declaration  which  is  usually 
imperfect,  but  sometimes  very  complete.  Marine  depwiis  are 
that  typically  stratified,  tfwugb  when  deposition  continues  long 
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und  uninlcTruptedly,  ihirk  roa(»t9,  not  obviously  divided  into  Eayers, 
may  be  accumulated,  but  this  is  cxcepliona)  in  those  pans  of  the 
$eu  where  tiqiosilion  is  most  rapid. 

I.  Littoral  Deposits  are  laid  down  between  low  and  bigb-water 
marks,  an<l  by  heavy  Monn.i  and  excqXional  tides,  »>mrv,-hal 
above  the  former.  Thus,  the  accumulations  of  this  class  grade  inlo 
continental  dq>oaits  on  one  side  and  Jntu  thirvc  i>f  tht-  sh^tllow  ^ea. 


FlO.  us.— Grare]  bmch  ^i 


Nr*ii..im:l»nil,    (U,  S.  as.) 


on  the  other,  and  are  thcn»elves  alternately  covered  with  water 
«j»d  exposed  lo  the  sun  and  wind.  The  material  of  the  littoral 
be<ls  rarics  much  on  different  coasLs;  on  r^icky  shores  bnul()er«, 
coarse  shingle  and  gravel  form  the  beach,  but  gra\-cl  and  more  par- 
ticulurly^aT)d  are  the  most  widdy  distributed.  Boulders  and  shingle 
may  be  composed  of  any  kind  of  haid  rock,  but  as  the  process  of 
attrition  continues,  the  greater  hardness  of  ciuarlz  has  its  effect, 
,  BO  that  gravel  and  sand  generally  cnnsUl  of  that  mineral,  the  softer 
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minefais  being  ground  inio  fine  particles  and  swept  out  into  deeper 
water.  Locally,  sand  of  other  composition  occvire,  as,  for  exam- 
ple, around  the  lliiy  of  Naples  s:>n<)»  uf  olivine,  fel»{>ar  and  other 
volcanic  minerab,  arc  found. 

The  waves  cast  material  u|>on  the  bejich,  throwing  the  coarsest 
parts  up  in  siorros  as  a  beach  wait  or  embankment,  above  theii 
onlinan-  reach,  whik  the  undertow  carrier  back  the  liner  particles. 


Fifi.  lib.  — U»nl  beach.  Long  liUnd,  N.Y.    (U.  S.  G.  S.) 


thus  washini!  the  sands  and  (travels  dean  of  other  minrriU.  Even 
in  the  littoral  l>elt,  fine  sand  and  mud  may  gather  in  sheltered 
spots,  but  the  material  b  preponderating!)-  coatm.  At  any  given 
time  ihe  littoral  ii  a  riamiw  Iwit,  measuring  at  present  about  61,000 
square  miles,  hut  its  breadth  at  a  particular  f>b(-e  (le)ien<l.<  ujvon  the 
anwiunt  of  tidal  rise  and  fall,  and  the  slope  of  the  Imdom.  On  « 
staiionar;  coast,  or  odc  where  acctimubtion  b  more  rapid  than 


x^ 
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WBJtHig.  fitmn]  dqmsfa  aof  tarm  a  bcoad  ana  if  buSiSBf  out  ibe 
bad  «t  die  apcBK  of  ifee  Ko.  Wkea  sakjag  urf  bvUiBg  vc 
■boat  wyiBi,  gml  tnckDtsMSof  fitfemi  obb  ntf  DcfansHL 

Aside  from  the  coatMBcss  of  the  naserol,  Ktinital  dqmnts  m 
iyl>pm»tucCTtunch»raaeriiticweifarf  tfag-«»tq»lioii»tB»ode 
«f  fcr— tieo.  Jtt^^  if onb  ore  bmed  bv  ibe  mad,  or  bv  the 
rippEng  uKiveuKui  of  wxtcr,  and  dut  br  seen  aa  anjr  snaljF  bcadi; 


Fin.  117.  — Ripptc-attrkedMnd».km  lule:  Mou  si.  Mltbel.  Ki^n^r 

Ibcy  occur  cspcdatiy  in  sands,  Jn  shool-water  deposits,  as  weQ  as 
io  thotte  nude  on  flood  plains  and  in  lakes  and  on  sand  Hund. 
The)'  arc  found  in  rocks  uf  all  geol'ipca]  jieriods,  and  tbougb 
mini  frcqucni  in  sandstones,  occur  in  other  kinds  of  rocks.  ICave 
Afarks  arc  formed  hy  wares  washing  up  oo  the  beach  after  ibcy 
han-  Kroken.  and  .ire  preserved  by  Ihc  deposition  of  thin  layers 
n<J  on  the  edge*  of  ibc  waves;  they  are  confined  to  the  littor^^ 
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zone.  Rill  Starh  abo  are  ()eculiar  t«  littoral  deposits  and  are 
niA(]e  by  the  excavating  acliun  of  rills  "f  water  trii-kttng  «ver  the 
sand  or  n«i<f,  as  the  tide  ebbs.  Sutt  Cratki  (also  called  mud  cracks 
and  shrinkage  cracks)  arc  formed  where  llais  uf  fine  mud  or  nitl 
expcKsMl  to  the  drying  adion  of  the  sun,  harden  and  crack  in 


fill.  loS.  —  Ripp>:-iiiiiikL-il 


lU.  S,  ti-S.) 


more  or  less  regular  patterns.  As  we  ha«  utreailr  learned,  such 
tracks  iona  ov«r  vast  areas  of  ftood-plaio  and  pla)-a  deposits, 
and  the  llltora]  arc  the  only  truly  marine  <Jq>oeiL4  which  di»{>U)' 
thrm,  ihiiuRh  on  a  limited  *«ale.  The)'  do  not  form  in  the  clean 
sarnls  and  gravels  which  make  up  the  greater  part  uf  littoral  wdt- 
nent.  but  only  in  Cine  ult,  and  in  ptuviul  climates  probably  only  in 
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.-Id  bad*  d  iinjj  wiiiil  link -,  bcb 
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!!^ 


LirrORAL  DEPOSITS 


251 


Rain  Prints  arc  little  pit-lilce  mnrLi  mailc  by  light  showers; 
be  (Mints  are  circular  where  tliv  mindrops  fall  verlically,  or  «%■»! 
aitil  with  edge  raised  on  one  side  where  the  win  fallN  obliquely 
before  the  winii.  Tnteh  0/  hind  Animals  arc  made  by  (lie  ani> 
tnols  walking  upon  (he  soft  H-dimeni,  which  h  yet  fine  enough  to 
retain  the  footprints  ami  i.*  aftcrwnnls  hardened  hy  exposure  lo  ihe 
sun  and  air,     R;iin  prinls  and  footprints  are  not  so  mmmrm  in 


(U.  s.  a  aj 

al  dqwfttts  a;<  in  those  o(  IIckkI  pLiins  and  playas,  but  wlwre 
occur  in  rocks  which  contain  marine  fossils,  they  prove 
origin  of  those  rocks,  fur  only  in  the  Ijltonil  n>tie  can 
such  marks  be  made. 

tl  niij^hi  seem  incredible  that  such  sliKht  marks  could  be  pre- 
^^ervcd  for  ages  in  Ihc  solid  rucks,  were  it  not  (or  Ihe  fact  thai 
^Be  actually  find  them  »o  often.  The  explanation  is  that  surfaces 
'     which  arc  npabk  of  prcM-n-ing  ihc^-  marks  are  those  of  accu- 
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mulalion  ami  ihiii  eaili  la)-er  with  its  marks  is  hardened  by  the  sun 
and  wind  before  the  next  layer  is  deposited  U|>on  it. 

CHinaiio  diSerences  are  not  well  marked  in  ihc  littoral  zone,  (he 
characicT o(  which  a  chictly  determinnl  by  ihc  oli'^aiinii  and  KijK^g- 
raphy  of  the  adjoininfc  land.  Only  in  the  polar  regions  is  a  special 
character  giv^n  to  the  liltDr.il  by  the  iiclivily  of  fritel  and  iiwsl  tec, 
so  thai  block  and  boulder  beaches  arc  more  common,  and  sam 
beaches  less  frequent  than  elsewhere. 


Ita 


t  li^    i-yi    —  KjIi  tti-itJc^  -m  TinxirrTi  i;in4ij  i^cnc'^.      ^l'.  &.  *j,  ^.f 


3.  ShoAl-water  Deposits.  —The  malerialof  iheliltonil  winel 
Loniitiued  mil  beyond  low-waK-r  mark  to  distances  which  va; 
according  to  several  circumstances.  UTicre,  for  long  distances,  no 
tar^e  rivers  enter  the  aen  and  the  material  U  all  derived  from  the 
wear  of  the  coast,  the  arrangement  of  coarse  and  6ne  deposits  is 
quite  regular,  and  gravel  l)eds  maj-  extend  a$  far  oi  tea  miles  fmcn 
Waves  and  currents  sweep  sediment  not  only  toward  the 


I 


J 


SllOAl^WATER   UEl>OSlT$ 


2S3 


shore,  but  parallel  with  ll, and  tend  to  simjilify ilic coastline  hy 
building  barriers  and  spits  across  the  mouths  of  ba}-s,  which  (ho 


FlC  tjli — Sun  aackk  in  liamUint-.  k^iiiiuui.  .\.'i.     ^i'.-iiatfupli  t>>  i^ii  Ingi'n) 

wat-cs  may  (n'lc  ti|i  tilmvc  high  lidc.  as  is  seen  all  atonit  the  caMcrn 
coast  ot  the  United  Sutcs.     Behind  these  barriers  streams  brini; 
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in  sediments,  fillinf;  up  ibc  bays  and  convenin];  them  into  salt 
marshes  aod  eveniually  into  lund. 

While  gravel  and,  in  shcltertd  or  deeper  sptxs,  mud  arc  found 
in  ihe  shallow  Ma,  the  mo&l  abundant  And  rharacterixlit^  material 
of  this  zone  u  quartz  tand.  If  the  bottom  shelves  very  gradually 
and  ibc  continental  mar^n  is  far  from  land,  the  nantl  will  extend 
]00  to  150  miles  out,  growing  finer  and  finer  with  the  incrcaang 


FlA  133.  —  OoH-bnUrd  Mnib.  Btddme,  NvbniLk    t  V.  3. 0-  5J 

dci>lh  of  water.  Further,  the  sand  travels  along  the  shore  for  long 
distances  from  if  plan^  of  origin,  iui  on  the  Atianiic  coast  of  Florida, 
where  tbcrc  is  a  belt  of  siliceous  sand  that  cunnol  have  l>ecn  de- 
rived from  the  peninsula. 

Throughout  the  whole  of  the  shoalwatfr  xane  wave  action  is 
exerted  upon  the  bottom,  though  to  a  very  insi^ificant  extent  in 
the  deeper  parts.     Very  near  shore  currenW  produce  irregularities 

*  ilratUication,  especially  the  structiu-c  known  as  cross  tedding 
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<  l:altl^ci  current  or  (aisc  bedding)  in  whicli  the-  scpamte  layers 
'  inclined  al  a  coo^ideralilc  angle  lo  the  horizonial.  (Sec  Figs. 
133-4  and  FronliHptvce.)  This  slnicttirc  is  clue  tci  thp  hvaping  up 
0/  hart  and  ridges  00  the  shcUcrcci  side  of  whith  sand  or  gravel  is 
dropped  in  inclined  Inyert.  Frequtnily  wc  find  horiwmul  strnl^i 
built  up  oi  inclined  layers,  the  laitcr  all  tnmcaicd  In-  a  horizontal 
bedding  plane.  Cn>s«  beddin)(  ociuty  in  .thoal  waivr  of  idl  kinds, 
ihe  sea,  lakes,  at>d  rivers,  wherever  the  bottom  is  frequently  stirred 


FIC-  134.— Ciou-lM-dilsd  Mndstono.  Adwiu.    (U.  S.  U.  S.) 


Up  by  ctirrents,  and  the  forcsd  beds  of  deltas  are  a  1}-|iical  cxain- 
lit  ot  H.  In  the  ro<:lu  il  is  mi»i  freiiuenlly  obiterved  in  consoli- 
dUcd  unds  and  gra«U.  which  arc  called  respectively  s;tndstones 
lad  congtontcnitex.  Ripple  niiirks  arc  4W>  exirt'mcly  ccimmon  in 
ilqmiiu  ot  the  shooJ-watcr  xonc  and  tracks  of  marine  aninials; 
tnck.t  of  land  aniroab.  and  j>un  crark.t  arc  of  cuur«c  wanting. 

Much  IcM  wi<lt»prcad  than  sand  or  grave)  on  the  bottom  of  the 
shallow  sea  is  mud  or  clay.  When  these  occur,  their  presence  may 
ht  due  either  lo  hole«  and  depressions,  where  the  bottom  water 


■ 
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is  less  disturbed  and  therefore  depmits  finer  nuteria),  or  lo  a  targe 
supply  from  the  ndghbouiinK  Jand.  For  example,  a  large  irian- 
guUr  [uitHt  of  cliiy  invailcs  \hc  ^and  area  t<)u\h  of  Bluck  IsUnd, 
and  mud-hoics  arc  found  along  the  Kew  Jersey  coast  near  the 
entrance  lu  New  Vork  Bay. 


L 


FK.  13s-  —  Aliului^  by  munDC  nomu,  modern 

•'.1 
It  is  manifest  that  a  great  thicknosi  of  shoal-waler  depueiu 
can  be  formeil  only  upon  a  sinking  Ma-tKitmrn,  fur  otherwise  the 
uaier  would  l>e  filled  up  and  the  coastline  pushed  out  to  msi. 
If  the  subsidence  be  very  slow,  dejiosition  may  .dioal  the  water 
and  thus  extend  the  coar^  m.-tterials  seaward ;  if  it  be  rapid.deepen- 
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in^  the  water,  fine  stedimeni  will  Ik  ilinrnn  down  upon  coarse, 
vbilc,  if  ibc  mv  of  deposition  and  subsidence  be  nearly  equal, 
the  coarser  maierial  will  form  lon^,  narrow  t)andx,  running  parallel 
witli  tbciriKLst.  Thus,  in  the  same  vertical  line  may  be  accumulated 
many  differeni  kiodd  of  sedtncnl,  corres|>on(ling  to  the  diSercnt 
depths  of  Wnter  at  the  same  »iK>t.  When  traced  tatcratly,  l>ed.'t 
of  any  ffiven  kind  of  material  will  eventually  give  way  lu  th<nc  of 
aootbcT  kiml,  either  lir  gradual  transition,  or  by  thinning  to  an  edge 
and  dovetailing  with  the  thin  edges  of  the  other  be<U.  The  dove- 
tailed Ktmcture  is  caufteil  by  xbifting  conditions,  a  succcs^on  of 
heavv  storms  sweeping  coarser  material  oui  to  unusual  depths, 
and  long  periods  of  calm  occasioning  the  dqitjsiiion  of  tine  sedi- 
meol  unusually  i>car  shore. 


OrKnnI<-  depQ^il*  are  mmh  less  cummon  in  shallow  water  than 
are  ll»c  terrigenous,  and  yet  under  favourable  conditions  they  are 
dcvdofied  on  a  very  extenMve  scale.  The  moM  important  of  such 
tuttdiUons  ]£  an  abuixtunt  supply  of  food.  Even  in  the  f.nr  North 
GmcMotte  accumulations  arc  formed,  but  this  work  is  mo8t  esien- 
tfweiy  done  tn  the  warm  watcnt  of  tropical  ond  subtnipical  tens. 
The  *ca  is  constantly  receiving  from  the  land  materials  in  solution, 
kJ  which  tlie  mo^t  im)x>nai)t  arc  the  carlK>nate  and  suiplute  of 
lime.  Many  classes  of  marine  animals  extract  the  CaCO.  from  the 
Ka-watrr  ond  form  it  into  hard  parts,  either  as  external  shells  and 
tc«t%,  or  as  internal  skeletons.  There  is  abo  good  reason  to  believe 
that  some,  at  leiisl,  of  the«e  organisim  are  at>le  to  convert  the  sul- 
phate Into  the  carbonate. 
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The  classes  of  muinc  oiganisins  nhkh  at  present  or  to  tiiDa 
put  hiLvc  played  ihe  most  imporunt  part  in  the  accuniuluion  of 
calcareous  malrml  arc:  the  Foruninifcra,  Corals,  Echinodonu, 
aiw)  M»llus«i;  but  uiher  grou}6,  such  ;lv  Bnuzoa,  w-nnas  SDd 
calnrctms  seaweeds,  conlnbutr  extensive^}-  to  the  SUM  result. 
The  Komminifcra  do  not  aceiunulue  with  sufficteni  npidity  to  add 
Un^l)'  to  ibc  cslnrevtui  deposits  o(  shallow  vnticr.  and  will  them- 
fore  l>c  omudrred  in  rooDectioo  with  the  deepjita  fomuukuis. 

ittUust*,  —  The  ordinaTy  sheU-fisb  (MoOusca)  stqiplr  a  very 
large  kbwuiH  o(  cakanous  nutenaJ  for  the  iccnatian  o(  ahaHuw- 


k,40d)  e.wii  in  AKtic  ibk 
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rocks  of  the  earth's  crust  urc  muny  iinmcnsc  limestones  which  were 
«:cuinulaled  in  Ibis  way.  In  the  formation  of  ahell>banks  car- 
njvocous  Cruiluccit  iind  i~ish<^i>Iii}'un  import.mi  pnri,  for  they  grind 
up  even  quite  thick  shells  and  profiuce  an  angular  calcareous  sand, 
which  may  be  deposited  l>y  its«l(,or  constitutes  the  finer  malerial 
in  which  (he  entire  shells  arc  cmheiJded.  The  shell-banks  thus 
form  lens-shaped  limestone  maswrs  uf  urciitcr  i>r  Inss  extent  and 
thickness,  which  are  intcrcaUled  in  areas  of  tcrriRcnous  sediment, 
inorr  partiaiLirly  <>i  wind, 

EihiHodtfrnata.  •  -  This  group  of  marine  animals,  which  includes 
the  staWtsbcs,  xca-unhins,  crinoids  or  sea-lilies,  etc.,  is  made  up 
of  forms  which  all  secrete  skeletons  of  calcareous  plates,  and 
which  contribute  largely  to  the  fi>rmiition  of  marine  hmestunes. 
At  the  present  day,  however,  they  seldom  build  up  any  extensive 
BUMS  unassisted,  but  in  former  a^es  of  the  world's  history  they 
did  so  on  a  great  scale.  This  is  p.nrliculiirly  true  of  the  crinoids 
(sea-Ulics  or  feather-stars),  which  have  now  become  com  para  liwly 
rare,  but  many  ancient  limestontw  are  composed  almost  entirely' «( 
their  remains,  and  especially  of  their  hard  and  heavy  stems. 

lAowiifnr  Hants.  —  In  favoiinble  situations  immeii.*e  subma- 
rine plateaus  or  banks  are  built'Up  in  shallow  waters  by  the  accu- 
mulated remains  of  all  sortt  of  h me- secreting  aiiimal«,  rontk, 
Khinodrrms,  molluscs,  worms,  and  Foraminifcra.  These  arc  well 
excmpUfted  in  tlic  Gulf  of  Mexico  and  the  Caribbean  Sea  by  the 
great  banks  along  the  west  coast  of  Florida,  the  Yucatan  Bank,  and 
the  plateau  which  extends  from  the  coast  of  Nicaragua  almost  to 
Jamaica,  On  these  banks  the  luxuriance  and  fulness  of  life  are 
attijnishing,  myriads  of  animals  flourishing;  in  the  wann  waters, 
and  sbundantly  aupplied  with  fiKKJ  by  the  great  ocean  currents 
wMch  sweep  over  the  banks.  Innumerable  molluscs,  echinoderma, 
and  calcareous  worms  are  ooniiniuUy  <lying  anri  adding  their  hard 
fmtti  10  ihe  ?«a-floor;  the  waves  and  tides  swcej)  calcareous  sand 
and  ntKl  tn>m  the  rural  reef,*  over  the  flats,  aiuj  all  uf  thes£  masses 
■re  rapidly  consolidated  into  mck. 

An  exampk  of  a  limestone  bank  in  moderalcly  deep  water  is 
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the  Pourtatfes  PUtcau,  which  extends  aoutli«-ard  from  ibe  Flonda 
K«ys,  and  b  coiered  by  go  to  300  falhoms  of  water.  " The  bot- 
tom IK  rtnky,  rather  mu]ch,  and  n>nKists  of  a  recent  limeilone. 
continually,  Uiough  slowly  iiKrcasing  from  the  accumulatiun  of  the 
calcareous  debris  of  the  numerout  xmntl  rurals,  echiiKxtcnns,  and 
molluscs,  living  on  its  surface.  These  dAris  are  con^ilidated  by 
tubes  of  scrpul.-r;  the  intentkes  are  tilled  up  by  Foraminifent  and 
funhcr  smooihed  nvtr  by  nulUpores.  —  The  region  of  this  reteni 
lime^lone  cuLte^  at  a  ()q>tli  \-an*tng  from  350  to  350  fathoms, 
and  beyond  it  comes  the  trough  of  the  straits."    (A.  Af;ass()!.} 


FiO.  13!.  —  Rock  (rem  I^r  Tncirialti  HUtr;iu.    (A.  Aiusi*) 


It  is  not  known  how  thick  these  mtidcrn  limesttine  Itank^  are, 
but  some  indication  of  their  thickness  is  Riven  by  the  raised  terrace 
M  modem  limestone  in  northern  \'iicatan,  composed  of  the  saime 
species  of  animals  as  still  abound  in  the  adjoining  seas.  In  this 
rock  are  caverns  more  than  400  feel  ileep,  which  do  not  reach  the 
bottom  of  the  mass. 
Corah.  —  The  animub  of  this  {{roup  sJww  great  variety  of  form, 
and  habit  of  srowth,  and  by  no  means  iUI  of  them  are  impor- 
i|  «!  rock-makers.    The  jolitarj-  corals,  which  arc  yridcly  dis- 
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iriliuted,  even  in  the  dwp  sea,  are  ne\-cr  sufficienilj-  abundaot  lo 
form  deposits  by  iHcmsches.  The  corals  which  ilo  accutniilute 
in  great  taasscs  «nd  are  called  "  rccf-builtiers,"  form  compouiKi 
colonies  or  stocks,  coatiKling  u(  hundredit  and  ihouxumls  uf  indi- 
rldiuls.  The  aduEt  comU  are  scdcniar)',  but  (he  ncnly  hatched 
young  are  m>nn  like,  (ree-s»vimmiii)i  lanie.  When  the  vouhk 
animal  has  established  its<l/  in  a  suitable  place,  preferably  upon  a 
rock  nr  other  fixed  foundation,  it  de\-elops  into  a  polyp,  or  deUiy 
sack,  with  rows  of  tentacles  amund  the  mouth,  and  ihi-n  by  budding 
or  partial  division  {fiaion)  gives  rise  lo  great  niimhers  of  other 
fkilyps,  which  are  cnniieded  by  a  tissue  common  to  them 
alt.  In  this  comjiound  mass  is  secreted  a  skeleton  of  carlwnaie 
of  lirac,  which  re]>rcKtuc<^  itw-  form  of  ihe  colony  and,  in  mwl  cases, 
dif  pUyv  edb  (or  the  individual  poij'ps.  The  great  variety  of  form 
shown  by  these  com[u>iind  colonies  is  determined  liy  the  mode  of 
budding  or  fis»on  and  the  relative  poi^ition  of  the  newer  to  the 
filder  polyps.  Thus,  some  are  like  trees,  othent  like  bushes; 
some  form  flat,  irregular  plates,  while  others  grow  into  great 
dome- 1  ike  mahi«s. 

The  reef  corak  have,  at  present,  a  restricted  distribution,  and 
can  duurisli  only  where  several  favourable  conditions  are  found 
united.  The)'  arc  preeminently  shallow-water  animals  and  can  live 
only  in  dqtths  of  less  than  twenty  fathoms.  They  also  require  a 
high  tcmi>eraiure,  an<l  they  <-eiL<ie  wherever  the  a^xrage  tempera- 
ture of  the  water  for  the  coldest  month  is  liclow  6S°  F,;  this  is  the 
minimum,  and  for  full  luxuriance  a  higher  Icmperalurt^  is  neces- 
sary. Another  requisite  is  sca-watcr  of  full  salinity  and  uncontami- 
natcd  with  mud;  hence,  few  corab  can  live  at  the  mouth  of  a  river, 
which,  even  if  it  brings  down  no  sediment,  freshens  the  water  and 
is  lhu»  fatal  to  the  polvps.  Another  condition  favour^tble  to  the 
ttrowtb  of  corals  is  (he  presence  of  ocean  currents,  not  too  rapid, 
which  bring  abundant  supplies  of  food,  and  they  tluurish  best  in 
the  broken  walcn  of  he:iv}-  ;turf,  which  gives  the  ncccssarj'  oxygen 
and  prevents  the  smothering  of  the  pol}-ps  in  the  calcareous  silt 
and  d^ris  of  the  reef.    In  short,  (he  reef  corals  arc  tropical, 


nannt,  shaDow-watn-  anJnub,  and  their  reeb  ore  widely  spread 
ihrougboul  the  iranner  sea&  ol  the  globe,  bui  they  do  not  alwaj's 
occur  wbcrc  we  ihuulil  lutunilj  expert  tu  fiiul  ifaem. 

A  coral  reef  b  nol  built,  as  manv  people  imagine,  by  the  indus- 
try of  the  polyps  —  thc»e  fumUfa  the  material  by  eitiarting  lime 
•alu  from  the  water  and  forming  solid  skeletons;  the  actual 
coRstruclion  is  brgcly  the  work  of  the  waves  and  other  agencies- 
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The  coral  colonial  are  scattered  over  the  sea-liottom,  much  like 
>'egcta(inn  on  (he  land,  scanlily  in  some  pluce^,  thickly  in  otlter^, 
and  in  slill  others  they  arc  absent.  The  waves,  especially  in  storms, 
break  up  the  masses  of  conil,  which  arc  much  weakened  by  the 
borin]!s  of  many  kinds  of  murine  aninials,  and  the  surf  grinibi  them 
down  to  (ntgmenU  of  all  nizes,  from  turge  IjliHrkw  to  ihe  finest  and 
tDotit  impalpable  mud.    The  process  is  the  same  as  with  th*  ordi- 
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rocks  of  the  coast,  only  the  maicrml  differs,  and  chus  arc 
formed  boulders,  pebbles,  sand  ant]  mud,  all  of  a>rul  frngmcDts. 
Tbr  runny  animals  which  feed  upon  coral  greatly  facitiute  this 
rV,  partly  by  boring   into  ihc  masses,  [>arlly  by  grinding  the 


Tta.  I«A  — Vailoui  lannt  ufaiodqni  nxal  tiiiii*l>lno.     (Savltc  Kcul) 

'  fragnwots  inio  fine  powder.    Considerable  masses  of  cal* 
debris  are  added  by  the  sfaelli  and  icnU  of   ibe  various 
uals  which  live  on  and  about  the  reef,  and  the  coral-like  »ea- 
^neda,  calkd  .XiiUipores,  coniribute  an  important  quota,  while 


shell  $ind  often  makes  up  as  much  as  one-hilf  of  the  volume  of  * 
rvcf.  All  i>r  lhi:<  muteriiil  is  c^L-tcIvssly  ground  up  by  the  wxns, 
distributed  by  tides  and  currents,  and  brought  to  rest  in  quid 
waters.  A  single  (l<;[<osit  ot  two  ur  three  Inches  In  thickness  has 
been  observed  to  form  between  tides  after  a  gnle  along  the  I'luridi 
re«fs,  and  in  storms  the  water  b  often  disrolourcd  and  turbid  fot 
miles  around  the  reef.  The  sea-water  dissolves  and  rcdcpositt 
CaCOi,  cementing  the  fragmenLs  into  a  firm  rock,  which,  especially 
after  exposure  to  the  air,  may  bci"<>me  ver>'  hard. 

By  these  proi,-«,*e»  several  varieties  of  rock  arc  formed,  corre- 
sponding, in  all  but  the  tnalerial,  to  the  ordinar)'  marine  deponU. 
In  one  form  the  sUnding  and  unbrokco  colonics  are  6tled  up  with 
calcareous  d^ris  and  cnclo«e<l  in  Kolid  maMetf.  This  is  peiha|it 
the  most  important  kind  of  rock,  at  all  events,  in  many  reefs,  far 
the  branching  conil.*  retain  the  shell  sand  and  other  calcareous  <!*■ 
bri*  and  prevent  the  waves  from  uashing  it  away.  Reefs  of  thi 
kind  have  many  and  deep  boles  penetrating  them,  where  the  cot  { 
onics  are  not  in  cvniuct  and  the  sand  has  not  filled  up  the  inlo^ 
)>pace!).  Coral  conglomerate  or  breccia  is  a  cemented  mux.  of 
coral  pebbles  or  angular  pieces,  or  is  made  up  of  fmgmenis  of  an 
older  coral  rock.  Reef  rock  is  the  dense  and  soli<l  ma!»  fonnod 
by  the  cementing  of  the  finer  d^ris  which  accumulates  in  quid 
water.  It  is  important  to  notice  that  even  under  the  mlcrosct^ 
reef  rock  frequently  shows  no  mice  of  organic  structure,  and  is  a  ! 
dcftnite  proof  that  the  absence  of  such  structure  is  not  a  sufEcitnl 
reiiMin  for  denying  llie  organic  origin  of  a  rock.  The  interior  of  j 
(■rowing  masses  which  arc  still  alive  on  the  ouuidc,  and  have  we»w  ' 
been  broken  up,  may  be  m>  cr^stallizeil  liy  the  action  of  the  sei- 
waier  that  the  organic  structure  is  obscured  or  destroyed.  On  the 
beach  is  formed  a  curious  rock  called  oSlile,  which  is  made  up  of 
minute  spherules  uf  CaCOi  cemented  into  a  mass  itot  unlike  fisb- 
toe  in  appearance.  This  is  due  to  the  depnj,ltion  of  CaCO,  from 
solution  around  tiny  grains  of  calcareous  sand,  until  the  spberuks 
are  built  up  and  cemented  together. 

The  growth  ot  coral  ceases  when  the  reef  extends  up  a  little  aboVBi 
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lotMnier  mark,  but  the  wnv«s  continue  ibeir  wnrk  and  tfirow  up 
dAris  and  build  up  a  plat/orm,  upon  wbkh  they  esiabliah  a  tjeacti 
of  calcareous  sand.  Tlie  Uller  may  be  furlbcr  ])ilc<l  up  by  the 
winds  inlu  dunes  and  solidilicd  by  (he  ormcnlinR  aclion  of  per- 
oilating  nJn-vratcr.  A<:<:arding  to  ctrcum^Utnccs,  the  neu'  plat- 
form may  be  an  cxtcnsJon  of  the  shore  or  an  island  like  the  Florida 
KcTx. 

Coral  reefs  are  classed  according  to  their  relation  to  the  shore, 
snd  are  of 'ihrt.-e  kind.i.  (1)  FrioKiii)!  ri-efs  ;irc  tho>;c  atiarhed 
directly  to  the  land,  titough  (he  cxpui^cd  part  may  be  at  some  dis- 
tance out  from  the  shore  and  se[):ir;tte<l  from  it  by  a  shallow  <'hannel 
with  coral  bollom.  The  width  of  a  fringing  reef  is  determined  by 
lh«  ?d(>|>c  of  ibe  MM-lHttlom,  beiii^  narrower  on  a  .vleeji  grade, 
broader  on  a  gentle  one.  (1)  Uarricr  reefs  are  farlher  out  from 
»hure,  to  which  ihe  reef  h  {i«iraltel  in  a  Kencral  way,  and  separated 
by  a  broad  and  often  quite  deep  channel.  The  dislinclion  belwcen 
the  two  kiiult  of  reef&  Ls  not  very  shar[>]y  dntn-n,  for  the  same  reef 
may  be  fringing  in  parts  of  its  course  and  u  barrier  in  olher;.  Even 
al  iIk  present  lime  barrier  reefs  are  .'iumeiime>  conslrurlefl  on  an 
CTKirrnoa-t  scale.  A  grctil  barrier  reef  runs  parallel  to  nearly  the 
whole  north  shore  of  Cuba,  while  the  barrier  reef  of  .\ustr»lia,  the 
largcsl  known,  extends,  with  »>nie  breaks,  for  o\-er  ijoo  miles 
along  (be  northeast  coast  of  Australia,  from  which  it  >.-<  distant 
30  tn  80  mile^;  its  breadth  varies  from  10  to  qo  mites,  though  but 
Buk  of  this  nidth  is  expoaed  alwve  water;  it*  sca-facc  is  in  some 
places  more  than  tSoo  feel  high  (t.c.  above  the  sea-bottom,  not  the 
surface),  (j)  Atolls  arc  coral  Islands  of  irregulariy  cirt^ular  .4fia)>e, 
which  mually  enclose  a  central  lagoon  and  frequently,  as  in  the 
Pacific,  rise  from  the  profoundesi  depths.  The  way  in  which  such 
islands  have  been  buill  up  is  slill  a  subject  of  much  controversy. 
No  doubt,  atolls  hatx  been  formed  in  various  ways,  especially  those 
which  arise  from  Mn.ill  deptkv,  but  probably  the  most  imporianl 
■Ddhod  is  by  a  slow  subsidence  of  the  sca-lwttom,  wtlh  which 
Ihe  growth  of  tltc  reef  can  kee|>  piice.  Stxh  suUvidence  i»  the  only 
explanatjnn  of  great  thicknesses  of  coral  rock,  as  of  any  other  kind 
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ot  shoal-WHtcr  <le|)Osils.  Borings  in  the  Hiiwiiiian  blamb, 
and  especially  in  I-'unAfuli,  an  island  of  the  Sauib  Pacific,  have 
d(;inon»Uui»]  ibe  existence  uf  immensely  Ihick  conil  limesloiMS 
fonited  in  ihc  miKlem  periixl. 

Coral  rccfe  in  shoul  walcr  frequently  ha^'c  gentle  slopes,  but  ihose 
which  rise  (rum  the  deep  »e.n  have  very  sleep  (aces,  sometime 
as  much  as  65",  and  thus  reefs  may  occur  as  Icns-^haped  anrjis,  gr 
stec])->ided  raa^Hes  of  limesdme,  in  which  stratificntion  is  very 
obscure,  or  absent,  in  the  midst  of  wcU-stratificd  fra^menial  «di. 
menlK. 

Dolomitwttion.  —  A  process  has  been  observed  in  the  closed 
lagoonx  of  certain  atolls  wliich  i^  siKnificahi  11$  throwing  light  upon 
a  very  difficult  problem,  that  of  the  formation  of  dolomite  or 
magiK^iaii  limestone.  In  the  closed  la;;(ion,  shut  off  rniirely 
froin  the  sea,  the  isolated  body  of  sca-watcr  becomes  roo- 
siderably  concentrated  by  eva|)oraiion.  All  iiea-wiiter  contain) 
chloride  of  magnesium  (MgC1|),  and  this  percolating  into  the  coni 
rock,  by  double  ile<omposition  with  CaCO,,  forms  MjcCO*.  The 
change  occurs  more  readily  when  the  CaCO*  is  in  the  form  of 
Rmjtonilc,  iLs  li  the  case  in  many  shells  and  corals. 

ChemUal  Drfotils.  —  It  is  not  known  juM  how  imjmrtant  a  p«n 
i»  phiyed  by  chemical  precipitation  in  the  formation  of  marinr 
deposits,  but  probably  a  ^riMter  one  than  h;is  been  generally  sup- 
posed. Riven  whith  brinR  in  quantities  of  CaCO,  in  soluli-m 
may  so  overload  the  sea  with  this  »ub.<itance  (for  sca-watcr  will 
dissolve  Utile  of  ii)  that  more  or  less  is  precipitated  in  (He  neigb- 
bourbood  of  the  land.  On  the  roast  of  .\.sia  Minor,  for  examplr, 
are  large  areas  of  sandstone  and  conglomerate,  formed  within  it- 
cent  limes  by  the  precii>iiation  of  CaCO,  in  masses  of  sand  and 
gravd.  binding  Ihcm  into  hard  rock.  Similar  exatnples  arc  knon 
elsewhere.  There  b  also  some  rea-son  to  believe  that  the  decay  of 
marine  animals  evolves  sufficient  carl>onalc  of  nmmonia  lo  coQ- 
vert  the  sulphate  n(  lime  into  the  carbonate  by  double  decompo- 
sition, and  to  precipitate  the  latter  in  some  quantity. 

3.  Akttan  DeposHt.  -   The  loo-faihom  line  b  by  Muiray  1 


AKT1.\N  DEPOSITS 


267 


Renard  K]i;arded  ati  lh«  boundary  between  shallow  and  deep 
n-3tcT,  for  it  generally  mjiTlcs  the  cdgd  of  the  continental  slioU, 
(rum  which  the  Urtlom  rises  very  gently  to  the  land,  but  slopes 
abruptly  down  tu  the  rtceitnic  depression.  The  great  bulk  of 
the  muterial  derived  from  the  waste  of  the  land  is  thrown  don-n 
upon  the  continental  shelf,  within  the  loo-faihom  line,  but  the 
finer  particles  arc  carried  farther  out  and  subside  in  deeper  and 
quieicT  water,  A  con»)rkral>l«  tjuanliiy  of  the  finett  xedimentury 
{larticlcs  remains  long  suspended  in  sca-watcr,  especially  in  the 
ciJd  water  of  the  jwlar  seas.  On  the  conliitental  slopw,  extend- 
ing from  Ihc  lOo-fathom  line  to  the  bottom  of  the  grcal  oceanic 
abystes,  arc  laid  down  most  of  the  very  fine  materiaU  derived  from 
Ihc  land,  which  are  grouped  together  under  the  somewhat  indefi- 
nite term,  mud.  Mwl  is  a  mixtureof  minends  in  v.  Maieol  extremely 
fine  mvchanical  subdivbion,  but  not  chemically  decomposed,  thus 
rliffmnK  from  clay. 

(1)  lUur  ituJ.— The  materials  of  this  deposit,  which  arc 
principally,  tbuut;b  not  allo}{eifaer,  derived  from  the  lan<l,  are  very 
heterngmentis.  QunrU  grains  in  an  excessively  fine  slate  of  sub- 
division are  very  abundant;  clay  is  ofteii  a  considerable  inKredienI, 
artd  then  the  mud  h  plastic  when  wet,  but  it  is  usually  more  earthy 
than  clay-like.  Minute  particles  of  other  terHiienoui)  minerab, 
like  fcl»(»ar,  hurriblemle,  augite,  etc.,  are  common.  CaCOj  is  al- 
most alwa)Ti  present,  averaging  j%,  and  in  some  instances  rt>inf[  to 
95  %'•  ^^'1^  ^  (Itie  chiefly  to  the  foniminiferal  shells,  both  of  those 
species  which  live  at  the  surface  and  those  which  live  on  ibc  bottom. 
Siliceous  organism.''  are  aUn  present  to  the  u^Tragc  amoiml  of  3  %, 
and  are  principally  diatoms,  radiolarians,  and  .<ipiculcs  of  ^wngcs. 
Glauconiie  is  found  In  nearly  all  tli«  samples.  The  blue  colour 
of  this  mud  is  due  to  Ihc  sulphide  of  iron  and  the  organic  matter 
which  prevents  the  oxidalimi  of  the  ttulphide.  Of  t)i«  tcrrigenois 
d«ep-seK  ikposiu  blue  mud  is  the  most  extensively  developed; 
U  b  estimated  as  coverint;  14,500,000  «i|uare  milw  of  the  sca- 
boltom,  and  surmunds  almost  all  coasts,  and  fills  enclosed  basJns 
like  the  Mediterranean  and  even  (he  Arctic  Oceiin.  The  dq>th!i 
ftt  which  blue  mud  is  found  range  from  115  to  3800  fathoms. 


I'll--  141,  —  Mnp  at  niiinn?  dcpo^iu.    (Kji)irr  aftet  Miuray  und  RFoard)  Dnnni  ma 
^^^^^Bpfti  Oojc;  croi(4  B  occAAit:  r«d  dfi; ;  while  e  niiliuUriva  MX* 
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(3)  Rtd  ltu4  is  a  loca!  dcvclopmcnl,  which  occure  princi]>aUy 
□pon  ihc  Atbntic  coiist  u(  fira/il,  and  io  ihc  VeUun- Sui  uf  China. 
Sill  of  this  characlcr,  the  rod  colour  of  which  is  due  to  Fe/>,,  con- 
tained in  lateriti;,  is  lirought  dimn  In  larg«  r]u;intitifs  by  the  Amu- 
u»]  and  the  Urinoco.  l-oraminiferai  shells  arc  abundani;  radio- 
hriaiut  wry  rare.  Prubably  a  more  minute  examination  of  the 
coniinental  slopes  trill  show  that  icH  mud  has  a  wider  distribution 
in  trc^ical  ^ea-t  than  is  here  iiuIicaCed. 

(3)  Crem  iltid  is  much  the  same  in  character  as  the  blue  mud, 
but  owes  iu  ([Tcen  ctJour  to  ihe  higher  pen.'entage  of  gbuconite 
which  it  contains. 

(4)  Gmn  Saiut  t»  granular  in  appearani-e,  and  is  made  up 
largely  of  grains  of  ^lauconitc  and  casts  in  that  material  of  the 
interior  of  (draminifenl  shells,  together  with  nearly  50%  of  CaCO*. 
The  green  sands  occur  in  shallower  water  than  the  muds,  and  often 
within  tlte  icso- fathom  line,  a.t  in  the  case  of  a  dqiwil  of  thin  kind 
which  b  now  forming  off  Ihc  coast  of  Gorgin  and  the  Carolines. 
The  estimated  area  of  the  green  muds  and  sands  is  1,000,000 
square  mihs. 

(5)  t'o/caMiV  iluds.  —  In  Ihe  deeper  water  surrounding  Wi- 
nnie isbnds  are  ilefxieJts  of  fine  mixt  made  from  the  di^inti-gra- 
tion  of  volcanic  rocks,  mi.\cd  with  considemUe  clay,  and  also 
odcnreoufi  mailer  deriv-ed  from  organt^m:^. 

4,  Tlie  AbywoMi  Deposits  arc  those  the  maleriab  of  which  arc 
not  directly  dcriverl  from  tlie  land,  but  coiul.tt  of  matters  carried 
Io  the  sea  in  solution  and  extracted  from  the  sea-water  by  the 
agency  of  organisms,  together  with  volcanic  -lubstanco  in  a  more 
or  ]oa  ad^-anced  stage  of  dccomposiliotL  Only  rarely  are  terrige- 
nous materials  found  in  the»e  <lepo«tK,  as,  for  example,  off  the 
we>4  coast  of  Africa,  where  fine  sand,  carried  by  the  wind  from  the 
Sahara,  i*'  found  in  deep  water,  and  icv  borne  fragments  are  lom- 
mnn  (o  high  latitudes.  The  pelagic  deposits  are  found  far  from 
bnd,  fTunlly  tn  the  deepcni  oceanic  alii'A.^es,  where  the  rate  of 
accumulation  is  almost  inconceivably  $Iow,  ajtd  the  remains  of 
miDct  animab  still  lie  exposed  upon  the  ocean  floor. 
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(i)  Foraminifrral  Ooze. — The  Foraminifera  are  minute  ani- 
mats,  each  one  a  tiny  sp«ck  of  jrlly,  most  of  which,  in  spite  of  ihcir 
extreme  wmpliiity  uf  strurlure,  luvc  ihe  power  of  secreiing  very 
beautiful  and  iromplcx  shdls  of  CaCOj.  The  species  which  are 
of  im})ortnnce  in  liiis  connection  are  thoM  which  live  in  inlinite 
mutiitu<lM  at  thv  surface  of  the  ocean,  unci  the  most  ubundani  at 
ihe  (treseni  time  arc  thotte  which  liclonR  to  the  genua  Globigtrinu, 
whence  this  deposit  is  frequently  called  Globigerinit  case.  These 
surface  Foraminifcra  flourish  best  in  warm  water  and  follow  ihe 
warm  curnfttls,  olti-n  inlii  (itiilc  hi^h  Utitude^,    Their  .shells,  which 


drop  to  the  Imtium  an  the  occu|)ant.*  die,  arc  present  in  almost  all  . 
marine  deposits,  but  near  hnd  the  terrigenous  materials  prepon- 
derate to  such  a  deKre«  thai  the  Foraminifcra  make  up  but  a  slight 
[irojjoriion  uf  tlie  deposit.  In  deeper  water,  where  the  wash  from 
the  land  docs  not  come,  the  foraminiferaJ  shells  become  rclati*cly 
much  more  abundant,  and  when  30%  or  more  of  a  Ri^-en  sample 
of  the  bottom  consists  of  them,  it  is  classed  as  a  foraminiferal  ooxe. 
Other  or^.tni-snu  which  scrrete  taliareous  shells  or  tests  always 
contribute  more  or,  lc«£  to  these  oozes  (coral  mud,  echinodcnm, 
luscs,   nullipores,   etc.)-    The  deiiodl   is   purest   and   most 
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typical  in  the  metlium  dcptlts  of  the  ocean,  far  from  any  laDd;  in 
suci)  places  tbc  ooze  may  contain  as  much  as  90  %  CuCOa  unci  is 
white,  while  ne-drer  land  the  ^iRhl  admixture  of  terrigenous  miner- 
als f?\'C6  a  pink,  gray,  bniwn,  or  Dthcr  colour  to  the  m.'Uft.  Betow 
Ibc  cJepth  of  J500  fathoms  the  proportion  of  CafO,  becomes  much 
diminished,  owing  to  the  inircasing  juTtrentiigc  of  CO,  in  the  sea- 
water,  wbkfi  attacks  and  dissolves  these  delicate  shells. 

The  furaminiferal  oozes  h:ive  a  va.tt  geugniphkal  extent,  ei^li- 
mated  at  49,530,000  square  miles,  and  arc  especially  developed  in 
the  Atlantic,  though  they  are  laigel)-  jiresent  in  all  except  the  polar 
seas,  and  raiiKC  id  depth  from  400  (o  3900  fathoms. 


fMh  143.  — PieropodiMiM,  X4.    {AgusUalMt  Muntjond  Kenatd) 

(a)  PUnpod  Otoe.  —  The  thin  and  delicate  shdis  of  the  mollus- 
otngroupst  known  a&  the  picropods and  heternpodx  altnumlat  the 
surface  of  ihr  warmer  jHirts  of  the  ocean,  but  their  dead  shells 
we  found  only  in  dqxha  of  less  than  aooo  fulhunu.  In  .tliallow 
water  (and  r^-cn  in  gn-aier  depths  near  bind)  the  shells  arc  con- 
ceaJed  by  other  kinds  of  materia),  but  in  mu<!eraie  de]>ihs,  far  from 
uy  land,  lhe»e  shells  nomelime;  become  »o  ftequcnl  in  the  fo- 
ramhiifcral  ooze  as  to  give  it  a  special  character.  In  its  typical 
ilevctopiaent  this  pteropod  ooie  haK  l>een  found  only  in  the  A' 


tic,  whcK  it  covers  some  relatively  Nnall  areas,  in  d^ths  of  400 
U>  1500  fathoms. 

(3)  RadiolarioH  Ooze.  — The  organisms  which  wc  have  so  fu 
conxideretl  secrete  only  shell*  or  tests  of  CaCOj,  hut  this  h  not  the 
only  suhstancG  which  is  very  extensively  cxiracicd  from  sea-water 
by  living;  bein^.  Silica  is  also  dissoU-ed  in  seu-wuler,  an<l  various 
organisms  construct  their  tests  of  thtit  substance.  The  RadiolarM 
are,  like  the  Foraniinifera,  a  Kr<>u|i  of  mirroscopif,  unii'<-lhilar 
animals,  which  secrete  silicetius  tests  of  the  most  exquisite  delicacy 
and  beauty;  they  live  both  at  the  surface  and  at  the  bottom  of  the 
sea-  Radtobriun  t(«ts  may  be  detected  in  all  sort*  of  marine 
deposits  of  both  deep  and  shallow  water,  but  it  is  only  in  very  pro- 
found dqithit  thai  tliey  occur  in  quantity  suffiricnt  lo  give  character 
to  (he  deiH)sit-  When  ao  %  or  more  of  a  bottom  deposit  consists 
of  r,vlii>l;irian  tests,  it  is  called  a  r^dioliiriun  uoxe,  but  clay  and 
volcanic  minerals  make  up  most  of  the  materials.  This  oom  has 
been  found  only  in  the  Pacific  and  Indian  occiins,  where,  it  is  esti- 
mated, it  covers  3.290,000  squ.irc  miles  of  the  bottom,  at  depths 
of  3350  lo  4475  fathoms. 

(4}  Diatom  Oow.  —  In  our  study  of  fresh-water  deposits  we 
leanie<l  that  the  jkiliieous  ca^es  of  the  micruscopic  plants  known  as 
diatoms  form  considerable  accumulations  in  lakes  and  ponds,  and 
they  also  flounsh  abundantly  in  brackish  water  and  in  the  sea. 
Diatoms  are  found  in  many  marine  dejiosiis,  but  in  relatively  small 
quantities.  In  the  -Aniarclic  Ocean,  however,  is  an  immtaw 
belt  of  o(i/.f,  believed  to  cover  io,K8o,ooo  square  milest  and  extend' 
ing  around  the  globe,  which  is  lari;cl)  made  U[J  of  their  frusiules. 
Resides  the  great  Antarctic  wme,  an  area  of  some  40,000  square 
miles  is  known  in  the  North  Pacific.  The  diatom  ooze  entirely 
resemble*  the  frtsh-water deposit,  but  may  l>e  distinguished  by  the 
presence  of  fommini feral  and  radiolarian  shells  and  tests.  The 
depths  at  which  this  ooze  is  found  are  from  600  lo  1000  fathoms. 

(5)  Red  Cloy. — The  profoundest  abj-sscs  of  the  ocean,  far 
from  any  land,  arc  covered  with  a  deposit  of  red  claj-,  which, 
though  var)'ing  much  in  conipusilion  and  colour,  is  yet  of  a  quite 
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unifoon  durai-ler.    lu  these  vaul  depUut  the  foramintfera)  shells 
are  almost  all  ditsolini  by  the  carbonulcd  sca-watcr,  but  some 
CaCOi  h  vciy  (^nenill)'  present,  averaxin;;  abuut  (/)'c,  and  di- 
minishing in  qtuintity  a»  the  depth  incrouts.     In  the  less  profound 
abjnaes  the  red  claj'  jiasscs  gradually  into  the  foraminiferjl  (uaa, 
the  number  oi  shclU  increasing  until  the  ou/.c-likc  thanicier  is 
aiuined,    Tbv  clay  b  derived  from  the  disintcKTalion  and  decay 
of  volcanic  substances,  es(>cctal]y  pumice,  which  (1i);tt.>i  upm  water, 
often  for  monihs,  and  drifts  lon^  distances  in  ihc  ocean  currents. 
The  gresster  |>art  of  these  volcanic  maleri^k  h  IHie^'ed  to  he  derivetl 
I  from  terrestrial  \-olcanocs,  but  the  submarine  vents  doubtless  con- 
tribnte  largely;  panicles  of  undecumpiMeil  volumic  minerals  and 
glajscs  arc  also  common.     In  some  regions  the  clay  is  coloured 
thocolate-brovrn  by  the  oxide  of  manfcanese,  antJ  many  Mrjia- 
rate  niKluks  '>f  this  siilistance  are  found.    The  excessive  slowness 
i  with  which  this  abysmal  deposit  is  formed,  is  shown  by  the  occur- 
rence, in  recognisable  iiuaniilies,  of  mrteiiric  inin,  which  reaches 
the  earth  in  the  fonn  of  meteorites,  or  "  shooting  stars,"  and  by  the 
presence  of  tite  remains  of  animal.t  which  have  long  Iveen  extinct. 
Of  all  the  oceanic  deposits  the  red  clay  is  the  must  widely 
\  extended,  covering  51 ,500,000  square  miles  of  the  bottom.    Almost 
tour-fifths  of  this  viL<i  area  arc  in  (he  great  depths  of  the  Pacific; 
the  sJiallowcr  Atlantic  has  much  more  of  the  foraminifcrs)  002c  ilian 
'nf  the  red  clay.    The  olxterved  range  in  de|>th  U  inna  3315  to 
J9SO  fathoms. 
Camlfiring  iht  marine  deposits  n<w  Mcumulaling  in  the  sea  with 
J  At  neks  of  rvidently  marinf  origin  tn<riVJf  form  moit  0/  the  land, 
'.vtjhtd  that  the  Kreat  hulk  0/  these  roeks,  the  santhlonn,  tiatn,  ami 
^Hmeilones,  are  mch  as  are  farmed  in  'xattr  oj  shatiavr  and  moderate 
deftks,  whUe  only  rarely  do  uv  diaover  a  rock  iJiat  impliei  really 
deep  voter 

CHnutic  Relatioos  of  Marine  Deposits.  —  The  shool-waier  de- 
posits of  cold  and  iem]>erute  seas  are  much  alike,  both  having 
a  prejionderance  of  sand  and  gravel,  with  occasional  limestones 
are  more  frequent  in  lower  latitudes,  while  in  the  deeper 
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watcn  of  tbe  cunitDentnl  slopa,  bloe  mod  {»  hu4  down.  On  the 
Soar  of  the  ocmik  abystits,  hawvnr,  m  «  difitnmcT  id  tfat  ibe 
tenigenoiB  autehal  e>  ibor  viMt  iSsmbated,  i^Qe  facuainifcnJ 
ooec  and  oceuiic  red  clay  art  2b6«ntfrnin  ihr  polar  seas,  aod  inlbe 
Antarctic  OccBii  ■>  a  nsfBpfatt  aooe  at  tSatotn  ooge,giidicting  ibc 
canh.  Tfac  trapkal  eas  m  chsnctcriaed  bf  nd  iiiQds,aod  by 
^eaidevriopoientofBiiieMoao,  especial^  oC  tbe  coral  Re^  wfaidi 
are  almost  nnirrly  conlincd  to  tbr  tropical  waters.  Tbe  deposits  of 
tbe  truly  deep  moi  ure  cu«nii;illy  the  ume  to  tbe  troptcal  and  tem- 
perate 20Des,  and  arc  determined  almost  cotirelT  by  tbe  depth  ol 
walcr;  (tiraminiferal  and  ra<ti>ilariaa  uoxes  aod  red  day  ccn-er 
■Inoet  ibe  whole  floor  of  the  oceanic  basins  in  tbcse  regiotts.  As 
condttii)n.i  are  more  uniform  in  tbe  sea  than  on  the  Ltnd,  climatic 
differences  arc  less  dearly  marlied  in  marioc  ibon  in  ctmttncntaJ 
tieposits. 

ESTCAKtNE    DEPOSttS 

An  c«tuary  is  a  wide  openii^  at  the  moutb  of  a  river  into  which 
the  sea  has  penetrated  by  the  depression  of  the  land.  In  such 
bodie»  uf  water  the  title  often  itcount  with  much  force.  E.<tuariei 
abound  along  our  Atbntic  coast,  Delaware  and  Chesapeake  Ban 
and  the  nii>uth  of  tlie  Hudson  being  excellent  examples  of  5udi. 
I'hc  water  in  them  is  brackish,  and  unfavourable  to  abundant 
aquatic  life,  for  only  a  limited  number  of  marine  animals,  and 
fewer  fresh.water  ones,  flourish  in  bncki^^h  waler. 

Etiluarine  deposits  arc,  in  ^cnnal,  much  like  those  of  the  sea. 
except  ibat  (bey  are  apt  to  be  of  a  finer  grain  for  a  given  depth  of 
water;  muds  are  abundantly  laid  down,  espedally  in  the  more 
sheltered  nooks  and  bays,  with  fine  and  coarse  cand^  and  gravdi 
b  the  more  ejcposed  situations.  The  sands  are  apt  to  show  ■ 
ronfuMMl  Kirattlicaiion  from  the  conflicting  currenLt  ai>d  eddies  in 
which  ihcy  are  deposited,  but  with  horizontal  layers  formed  at  slack 
water.  Exten-iive  roud-llaUi  often  surround  an  estuary,  esfieciallT 
if  the  rise  and  fall  of  the  tide  be  prnt.  On  these  flats,  exposed 
durii^  low  tide  to  Ibc  sun  and  air,  in  dry,  hot  diinales,  sun  crad^s 
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arc-  formed  on  the  dryinjt  surface,  and  thtsc,  together  with  the  prints 
of  raindrops  aiHl  tbc  tracks  of  land  animals,  will  be  preserved  nhcn 
the  inowning  tide,  ad^-ann'iij!  Kmi  jji-ntly  lo  scour  the  slightly  har- 
dened surface  of  the  flai,  deposits  a  fresh  layer  of  sediment  upon  it. 
Id  plurial  climates,  tlw  mudflats  of  estuaries  do  not  dry  with  suffi- 
cient rapidity  lo  permit  the  formation  of  shrinkage  cracks,  cxcejit 
when  the  flats  are  exposed  to  the  air  for  a  longer  lime  than  the 
oniinar}'  inlerml  between  (ides.  This  longer  exposure  occurs 
when  pari  of  the  flats  is  covered  only  hysprioKti'les  or  ihe  general 
le\'el  of  ihe  water  is  raised  by  a  storm.  If  the  estuary  be  the  open- 
ing of  a  large  river,  considerable  deposits  of  ri^cr  >edimeni  will, 
in  limes  of  flood,  be  Uid  down  upon  the  other  beds,  producing  an 
alternation  of  fresh  and  brackish  water  beds.  On  the  coast  of 
North  Carolina  Ihe  low  ^nd  sjiiLs  thrown  up  hy  the  wavi-?  enclose 
extensive  shaltow  sounds,  into  which  the  tide  enters  by  only  narrow 
opettii^,  but  whicli  have  numerou-t  streams  flowing  into  them. 
At  hif;h  water  the  incoming  tide  acts  as  a  barrier,  damming  back 
the  river  walert,  checking  their  velocity,  and  causing  them  to  de- 
posit ibeir  burdens  of  sediment.  In  course  of  lime,  the  sounds 
mu.«>t  t>c  silted  up  by  the  rivers,  first  convened  into  sail  marshes 
and  then  into  land.  1'he  great  aresis  of  salt  marsh  along  our  Allan- 
Ik  coast  have,  for  the  roost  part,  been  formed  in  this  way. 

For .ren.soiis  tlut  we  have  already  di^us.ved,  e^luarieK  are  not 
btourablc  to  cither  freshwater  or  marine  organisms,  and  hence 
cstuarine  depottitg  do  not  contain  any  great  variety  of  remainjt  of 
dlher  group,  These  remains  may,  however,  n-prc^nt  numerous 
individualit,  sufficient  sometimes  to  form  limotone  layers,  as  is 
fspcdally  true  of  oyster  banks.  Diatoms  may  also  accumulate 
in  great  quantities,  as  in  one  of  the  Baltic  harbours,  where  ihey 
Ibnn  18,000  rubic  feel  of  depi^it  annually,  whkh  necessitates 
cnotinual  dredging  to  kcc|)  the  harbour  open.  On  the  other 
hand,  estujiries  are  often  favimrably  situated  for  the  reception 
ami  pic^n^tion  of  the  remains  of  land  animals  and  plants 
which  are  swept  into  them  by  slreaiu.%  and  buried  in  the  soft  stit 
of  tbe  mttd-Sftts. 
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The  Consolidation  op  Sediments  (Diacf-nesis) 

The  processes  of  deposition  upon  the  land  and  beneath  the 
water,  which  we  have  mi  far  l>een  studying,  result,  fur  (lie  mwst 
part,  only  in  the  bringing  logcihcr  of  great  mjisirs  of  loose  and 
incoherent  materiai,  which  in  the  case  of  marine  dejwsits  are  sjitu- 
ralcd  with  salt  water.  If  such  masses  arc  pnipcrly  lo  be  compared 
with  the  hard  rocks  of  the  earth's  trust,  it  will  he  necessary  lo  show 
that  lonsf  sediments  may  Ijc  ronsolidated  and  rendered  hard  and 
firm,  like  the  latter.  This  is  not  difficult,  for  we  have  abundant 
evidence  to  prove  that  such  coniiolidation  actually  does  take 
place,  and  in  a  variety  of  ways. 

(i)  Cotisdidalion  by  Weight  0/  Sediment.  —  Wlien  deposited 
on  a  sinking  se.i-bottom,  sciliments  often  accumulate  in  masses 
of  Rreat  thickness,  and  in  such  cases  ihc  lower  itoriioiu  must 
tend  to  consolidate  from  the  weight  of  the  overlying  masses.  Of 
course,  such  a  process  cannot  be  directly  observed  in  modern 
actuiniiliHions,  because  only  ihe  surfaie  of  Ihcrn  is  accessible,  but 
from  the  analogy  of  obser^-cd  facts  wc  may  safety  infer  that  this 
weight  U  not  without  etTcct, 

(a)  Consolidation  by  Crmml.  —  Sediment  is  nflcn  penetrated  by 
percolating  waters,  which  carry  in  solution  various  cementing  sub- 
stances, such  iLs  SiO,.  CaCO,,  FeCO,,  etc.,  and  the  deposition  of 
these  materials  in  the  interstices  of  the  loose  sediment  will  hind 
the  particles  into  3  firm  rock.  This  process  wc  have  already  had 
occasion  to  observe  in  several  instances,  as  in  the  coral  reefs,  the 
<lrifi  sand  rock  of  Bermuda,  Ihc  modern  sandstones  on  the  coast 
of  .^sia  Minor  and  Brazil,  and  mjiny  others.  In  all  of  these  cases 
the  cementing  sulwtance  is  CaCO»,  but  other  modem  rock.t  are 
known  in  which  Fe,0».  formed  by  the  oxidation  of  FeCOj,  plays  the 
same  rflle.  as  in  Florida  where  the  waters  from  ferruginous  springs 
bind  the  grains  of  calcareous  sand  into  a  hard  nirk,  the  miHlem 
date  of  which  is  proved  by  the  presence:  in  such  rock  of  the  bones 

Indians.     Both  of  these  substances  are  very  common  as  cemmts 
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ami>ngiheanc)enIrodu.  The  dqio^ilion  of  silica  in  the  inientkcs 
of  sand  has  abo  been  obecn-cd,  where  the  original  sand  graiitt  can 
with  difficulty  he  detected  wiib  (he  microscope,  the  rock  appearing 
to  be  a  mass  of  cr^'stallinc  quartz  gniin^.  A  cnnenttr^  dTect  may 
also  be  produced  by  reactions  vriihin  the  ma^'t  of  the  sedimeni  it-^df, 
as  is  seen  in  the  wUdificaiion  of  \-olc»ni<'  ash  mingled  with  water 
IDfofiniuSs. 

(j)  CamsotUation  through  ffrat.  — This  may  be  local,  as  in  the 
neighbourhood  of  vokunoe:!,  or  general  and  due  to  the  internal 
beat  of  the  earth.  For  sediment  In  reach  gnat  thicknes'i^  ii  must 
subside,  and  this  subsidence  brings  the  lower  parts  of  the  mass 
deep  down  into  the  cn»l,  wliere  lhe%'  arc  invade<l  liv  the  curth'x 
interior  beat,  and  baked  as  bricks  arc  burnt  in  a  kiln.  'I'his  pro- 
CRw  t«  likewixe  one  which  cannot  Ite  direicily  o))se^^-ed,  but  the 
effects  of  molten  lava  upon  loast.-  s«dimcn1s  may  be  watched,  and 
the  con'tolidatinft  power  of  Iwat  has  been  tested  ex  |>eri  men  tally. 

(4)  Cotuoii4iitiim  hy  Lalrral  f'msurt. — This  is  probably  the 
tn<»l  widely  acting  and  important  ageiKy  of  consolidalion. 
Though  it  acts  >."  p^uhmlly  an*!  at  such  deptliK  (hat  we  cannoi 
see  it  in  operation,  yet  the  inferciKc  is,  none  the  less,  a  safe  one. 
We  shad  »ee  later  that  very  many  of  the  slratirted  n>cks  are  no 
lonj^er  in  the  nrady  horizontal  position  in  which  \\>ty  were  first  bid 
down,  liui  ha\-e  ttecn  folded  and  fractured  through  the  operation  of 
great  lateral  pressures.  The  more  intensely  folded  and  com- 
pmaed  any  rock  has  been,  the  harder  has  it  become,  nut  only 
through  the  mechanical  prrs.sure,  but  by  the  heat  and  the  chemical 
changes  which  such  compression  generates.  In  addition  lo  this,  we 
know  from  experim<*nt  lluil  Ioono  maleriah  miiy  be  consolidated  bv 
powerful  compression.  Certain  excejitiona!  rocks  of  vcr\'  ancient 
dale  are  known,  which  are  almnM  as  incoherent  a»  when  fim  accu- 
moiatcd,  but  these  all  retain  their  original  horizontal  piisition  and 
have  not  l>een  compreued.  It  must  not  be  .lupposeil,  huwei-er, 
that  only  compressed  sediments  have  become  hard,  for  great  areas 
of  M^rcely  disturbed  rocks  are  found,  Hbidi  are  perfectly  solid 
and  firm;  here  some  other  ."olHlifying  agent  has  been  at  work. 
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There  are  certain  other  features  in  which  the  loc&e  modem 
sediments  ditTer  (mm  lh«  older  anri  hnrder  nxks,  such  as  joints, 
and  clca\n|!c  which  diiidcs  many  rocks  into  thin  pbtcs,  indejien 
dcntly  of  the  iJanex  of  »1  nit  iftca lion.    These  may  l>c  shown,  How 
cvtr,  to  be  sinicturra  which  ihc  rocks  have  acquired  after  ihdr 
fornuiioii.  and  therefore  need  m>(  l>e  dlscuK^etl  here. 

The  paralkl  b  now  c(>inpleic  between  the  sediments  which 
may  obsen-c  to-day  in  the  process  of  areuraulation.  iind  the  hnrd 
siratilied  rocks  which  make  up  hr  (nr  the  largest  part  of  the  dry 
land.  For  all  tbetie  aocient  rud^  we  ma>'  find  a  counterpart  in 
sediments  now  forrnii^;,  and  we  may  conclude  with  perfect  cooS- 
denix  thai  the  annent  rocks  were  formed  by  the  saune  a|;eocieK  a» 
ibe  modem  acvtimulations.  Kven-  n<ck  cotuains  a  mure  or  les» 
legible  retron]  of  its  own  hctory. 

SanaMuy  vt  the  RecoDstmctive  ftocesaea. — lite  drsintctive 
kftendcs  supply  a  great  mass  of  material,  of  which,  under  exisHn/; 
nmJitumf  of  climate,  to]>(^:Ta)>hy,  etc,  attout  one-half  k  arTcste<i 
in  its  jvwmcy  to  tbe  sea  and  the  rautniBg  half  completes  ibat 
}oun>e\-;  the  former  moiety  c<onst>tuli«  ibe  conliiMMal  deposits, 
and  the  latter  moiety  the  terrigenous  marine  dcposks. 

Continental  defmsii*  are  of  cmi  variety,  and  fbcir  nature  n  de- 
lermintd  chiedy  by  dte  factors  of  climate  artd  topagraphy.  In  the 
wid>i>d«fcseTt  rcgjons  we  have  peal  accumttbuioosol  drift -aaiodt, 
of  angular  lalus  of  flood-plain  and  ph*«  sands  and  modst  wrhkb 
are  cbaractensiically  sun-cracked  mm)  mon  or  kss  impignnaled 
with  inrimus  ^•ok^.  Deposits  fnwn  salt  laket,  »ocli  as  salt,  gypsum, 
soda,  borax,  nc  are  caoAatA  to  arid  cliaaics  aad  ai«  not  faemed 
inlmiBidt-liinates.  InpihtmldbBMieof tkemipemeaooeE,isin> 
«ul),de<^9na!i.  bcu»rine  deposits  fFDOifreh-vatcr  lakeland  ri\'er 
dBtwatonaflaodphitaaodinchanaebarecbaratlereiJc.  In  sack 
dtanMs  san  crads  ^  not  fona  om- great  anss,  as  tbcT  arc  lai^elr 
ptmsied  by  the  dewc  rw«ii^  m  v<c<i;tXatMB.  I^at  bogs  arr  the 
MMs<4grntnigMablraccanwAitMaE,ecpccBlTni  tbe  cooler  and 
anima  regfats-  la  the  pohr  wywiSt  gjhcwl  dtpodtt  and  frort 
talus  arc  the  primcipalawdetalarc—drtiim.  airiiB 
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tbcM  aha  peocoate  ck«p  tnio  the  lemperate  and  e\'cn  (he  tropical 
soocs.  In  the  tmpks  wc  find  cxtrcmdy  deep  soils,  nhich  contsin 
or  aiv  made  up  of  the  red  lateritc,  and  surface  deposits  of  Iron  oxide 
and  chetnl<3llT  formed  limdonr  air  rxirn^ivdy  nuilr.  Immmse 
inUMsof  river  atluvium  gaih«T  in  interior  b3^in.-L,hut  vegetable  accu- 
mulations arc  (exs  abundant  than  in  temperate  Umb.and  lakes  are 
not cammoa  in  the  Iropks.  The  absence  of  lakes,  bowe^cr,  is  not 
ddentliaed  by  temperature,  t>ut  by  the  anti^ily  i>f  bnd  surfaces. 
It  cannoi  be  inferred  from  the  fact  that  only  half  of  the  annual 
bnd-iraiu-  tnth-  itt  wajr  lo  the  sea,  that  nuch  >hi)u)<]  be  the  pr(^>or- 
tion  bciwren  continental  and  marine  dcpneits  among  ancient  rocks, 
(or  a  tnnsjtression  of  the  sea  over  an  ancient  bnd  surface,  deeply 
bttricd  ander  continental  deposits,  would  ntpidlr  rework  the  Utter 
into  marine  deposits.  At  present,  we  obscn-e  that  material  de- 
rived from  the  land  and  in  mcchanioil  suspension  laid  down  in 
the  sea  b  distributed  by  the  waves  and  currents,  sorted  into  byem 
acconling  lo  ihe  linenos  <»f  th«  nutenai  ami,  mtirc  or  less  iiK^m- 
pletdy,  accordioft  to  its  mincratogical  composition.  The  most 
imputtant  faclon  which  determine  the  character  of  the  deposit 
at  any  ^vcn  point  on  the  sea-floor  arc  the  depth  of  water  and  the 
lupograpby  and  elevation  of  the  adjoining  bnd.  The  coarser 
materia],  gravel  and  sand,  arc  bid  dovm  upon  the  beach  and  in 
»haal  water,  the  sand  generally  extending  to  the  >oo  bthum 
line,  while  on  the  continental  slope  are  deposited  the  various 
mods,  and  on  the  tloor  of  the  ocean  basins  the  ofganic  oozes  and 
the  oceanic  red  cby,  derived  cbidly  from  the  decay  of  volcanic 
minerals.  Limestone  banks  arc  fonned  \iy  (he  cxtractioa  of  the 
dinolved  Itmc-salts  through  organic  agencies,  a  process  which 
goes  on  most  extensively  in  warm  seas  of  shallow  and  moderate 
dqith.  Climatic  differences  also  have  their  effect  upon  marine 
deposits,  but  less  markedly  than  in  the  ca-se  of  the  continental 
accuraubtiofkt.  The  looscscdiments  accumubted  on  bnd  or  under 
water  arc,  under  favouring  conditions,  consolidated  into  hard  rocks, 
llnu  tnaking  the  pantile)  with  the  ancient  scdimentarj-  rocks  com- 
{dete.andfinishtn);  the  cycle  of  destruction  and  reconstruction 
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rock  back  to  rock.  All  these  \'aTJou5  kinds  of  (lq>05its,  continental 
and  marine,  are  forming  simultaneously,  but  one  kind  of  deposit 
does  not  gath«'  indefinitely  at  one  pcHnt,  except  perhaps  on  the 
floor  of  the  deep  ocean-basins.  Conditions  shift  and  change, 
so  that  one  kind  of  material  is  laid  down  upon  anQther,  and  in  the 
same  vertical  section  n'e  may  discover  many  different  beds,  each 
one  recording  the  conditions  at  that  ptoint,  for  the  timcduring  which 
the  bed  fonned  the  surface  of  the  lithosphere.  All  these  changes 
we  have  studied  in  order  to  obtain  a  key  to  the  record  contained 
in  the  rocks,  and  we  have  found  that  the  processes  now  at  work  do 
furnish  a  partial  key.  However,  before  a  sj-stcmatic  history  of  the 
earth  can  be  attempted,  we  have  first  to  study  the  way's  In  which 
the  rocks  are  arranged  and  the  disturbances  which  they  have 
undergone;    this  constitutes  structural  or  tectonic  geology. 


PART   IT 


STRUCTURAL  OR   TECTONIC  GEOLOGY 


CHAPTER   X 


THE  ROCKS  OF  THE  EARTH'S  CRUST- 
ROCKS 


IGHEODS 


Ik  the  firM  section  of  this  book  wc  made  a  study  of  the  proceaMS 
and  Agencies  which  an  still  iit  work  upon  nnd  within  the  earth, 
tdKlinj;  to  modify  it  in  one  or  other  panicular.  We  (here  found 
that  glow  but  ce:t.sv)a^  cjrtist  of  change  take  place  and  that  a 
continual  circulation  of  material  is  ko'^K  on. 

We  haw  now  to  take  up  the  second  bmnch  of  our  subject,  that 
of  stmctural  gealegy,  which  deals  with  tbc  maicrials  of  the  earth*& 
crmt,  tfadr  motle  of  occurrence,  und  thrir  .irnmgemrnt  into  great 
muses.  Stmctural  geolog)-  is.  however,  not  merely  a  descriptive 
study;  hand  in  hand  with  the  examinatiun  of  the  nK'k-masMS 
must  go  the  atlctnpl  (o  explain  their  structure,  and  to  show  how 
tbey  have  come  m  be  its  we  find  ihem.  I)%-nain)cal  principles 
must  be  continually  called  in  lo  inlcrpret  the  facts  of  struclUTc.  and 
many  of  t)w  (>liseTvali<>tt»  concerning  ihc  con*>truclion,  <lolrucllan, 
and  reconstruction  of  rocks  find  their  application  in  the  study  of 
ylrurture. 

This  application  cannot,  in  all  cases,  be  made  with  cooGdence, 
both  brcauM  a  given  structure  may  oltcn  be  rcrLvred,  with  equal 
pfobabtlity,  to  different  processes,  and  because  certain  of  the  great 
dynamical  afcendes.  are  so  -dnw  and  gradual  in  their  mwlc  of  opera- 
liun,  that  no  one  has  cv-er  been  able  to  obscr\-c  them  at  worfc.     In 
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this  Liiier  chsA  o(  cases  Ihe  agency  must  be  inferred,  not  from  any- 
thing which  vit  have  actuiilly  seen  ac('oinpli:<lic<l,  but  from  the 
lra<:cs  nhioh  tt  has  left  in  the  siructure.  Under  such  circumstances, 
it  need  not  surprise  us  to  find  thut  the  cxpl.-ination  is  not  alnaj^s 
obviou.i,  but  may  be  ver>'  problcmalicai,  and  that  great  differences 
of  opinion  nuiy  arise  concerning  the  rightful  interpretation  of  ■ 
complex  region. 

Uere,  as  in  uU  other  provinces  of  geology,  Ihe  historical  stand- 
point is  the  dominant  one.  Our  object  is  to  learn,  not  only  the 
agencies  which  have  produced  the  structures  and  ihe  way  in  which 
lbe>'  operated,  but  abo  the  Bucccssivc  steps  by  which  the  structures 
originated,  the  order  in  which  they  occurred,  and  their  geologicitt 
date.  Thus  they  may  be  coordinated  into  the  great  history  of  the 
earth,  whicli  it  is  the  main  problem  of  geology  to  construct. 


HOCKS 

The  distinction  between  a  rock  and  a  mineral  is  not  always  an 
easy  one  (or  ihe  beginner  lo  gra&p,  yet  it  is  es»ential  that  he  shouM 
do  so.  A  Rock  is  any  extensive  constituent  of  the  earth's  crust, 
which  may  i-<msi.'»t,  though  rarely,  of  a  single  mineral,  hut  in  the 
great  majority  of  citscs  is  a  mechanicAl  mlMurc  of  two  or  more 
minerals.  A  rock  thus  has  seldom  a  de6nite  chemical  com)>o- 
sition.  or  homogeneous  internal  structure.  An  examination 
with  the  microscope  almost  always  shows  that  a  rock  is  an  aggrc- 
gate  of  distinct  mineral  particles,  which  may  be  all  of  one  kind, 
or  of  many  different  kinds,  in  varjing  proportions.  Rocks,  then, 
are  mechanical  mixtures,  and  their  projierties  \Tiry  in  proportion 
to  their  \'arious  ingredients,  while  minerals  are  chemical  com- 
pounds (sec  p.  6). 

In  ordinary  speech  ihc  term  roek  is  held  to  imply  a  certain 
degree  of  solidity  aiid  hardness,  but  In  gec^ogioil  usage  the  word 
b  not  so  restricted.  Incoherent  masses  of  sand  and  clay  are  re- 
garded as  being  rock*,  quite  sis  much  its  the  hardest  grjimtes. 

The  classification  of  rocks  is  a  very  difficult  and  obscure  prob- 
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1,  and  would  be  so,  even  were  our  knowledge  much  more  com- 
I>lete  and  nthaustive  thun  il  is.  Tliere  are,  llirreiore,  greitl 
divcnili<«  in  the  various  schemes  of  classification  which  have  been 
proposed  and  which  are  slill  in  use,  and  all  such  schemes  require 
modification  to  merl  continually  advancing  knowledge. 

Bearing  in  mind  the  principle,  already  emphasized  so  often,  that 
gtaiogy  is  primarily  a  historical  study,  the  most  logical  scheme  of 
dassification  is  obviously  one  that,  so  far  as  possible,  is  grttetk, 
that  b  to  say,  one  which  expresises  in  brief  the  history  and  mode 
of  formation  of  the  rocks.  Other  criteria,  such  as  texture  and 
chemical  and  mineruliigical  r»m|M>»itian,  muM  he  employed  Tor 
the  minor  subdivisions.  On  this  genetic  principle  wc  may  divide 
all  rocks  into  three  primnr)-  cia»M:t  or  F^rnupii. 

A.  Igneous  Racks,  those  which  were  melted  and  have  solidified 
by  cooling.    Texture  ^la>sy  or  crvslalline. 

B.  Sedimentary  Rockt,  those  which  have  been  laid  down  (most 
commonly)  under  water,  by  mechanical,  chemical,  and  or|i;anic 
pTDCCSses.  Rocks  composed  of  more  or  less  rounded  and  woro 
fragments,  seldom  crystalline. 

C  StOamorphic  Rocks,  those  which  have  been  profoundly 
dttnged  from  their  original  sedimentary  or  if^cous  character,  often 
with  ibe  formation  of  new  minend  compounds  in  ihcra.  Texture 
fragmental  or  crystalline. 
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The  iRneous  rocks  have  a  deep-seated  origin  and  have  cither 
toned  their  way  to  the  surface,  or  have  coole<l  and  solidilicd  at 
varying  depths  beneath  it  Though  rocks  of  this  class,  there  is 
tutry  reason  to  belie\'e,  were  the  first  to  be  formed,  they  have  been 
made  all  tbmugh  the  recorded  historj'of  theeanh,and,as  volcanoes 
ihow,  are  forming  now.  ■  They  arc  thus  the  primary  rocks  and  all 
the  others  have  l>ecn  derived,  either  directly  or  indirectly,  from 
ihetn.  The  productsof  the  chemical  decomposition  or  mechanical 
abresioD  of  the  igneous  rucks  have  furnished  the  materials  out  of 
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which  ihe  sedimentary  rocks  were  foitDed,  at  kasl  in  ihe  fim  in- 
stance. 

The  i^cous  rocks  are  massive,  as  distinguished  from  Stniificd, 
and  though  HumetiiTMis  jircfteiiitng  a  deceptive  apfieannce  at  $iraii- 
fKation,  may  alwa}'s,  with  a  little  care,  be  readily  distinguished 
from  tl»  truly  stratified  rocks.  The  lenn  manh-e  h,  indeed, 
frequently  u$cd  for  these  rocks  in  the  same  ^nsc  as  Igneous,  and 
emftive  roeki  is  another  term  meaninf;  the  same  ibini;,  though 
enipiivc  is  alsi>  empliiyird  in  a  more  nitride"!  len^c.  Slill  another 
term  which  should  be  defined  is  magma,  by  which  is  meant  a  con- 
linuous  molten  mai!«  before  MtlidtficaticHi. 

Characieristic  differences  appear  between  those  i^eous  masses 
which  have  solidified  deeji  within  the  «irth  and  liave  been  brought 
to  light  only  by  the  denudation  and  removal  of  the  overlying 
rock-ma.v(es,  and  tlxine  which  have  cooled  at  or  near  the  sur- 
bee  of  the  ground.  The  former  arc  called  plutonic  (abyssal,  or 
inlnisive)  and  the  latter  volcank  (or  extrusive).  Between  the  two 
may  be  found  every  gradation,  and  Ihe  term  hypahyssal  is  some- 
times em])tiiye<l  for  roclw  which  arc  transitional  between  the 
typical  plutonic  and  the  typical  volcanic  kinds.  These  temts.  plu- 
tonic, bypabyssal,  and  volcanic,  are  used  to  describe  tbc  character 
of  rock-masses,  not  as  terms  of  claj<sifir4ti»n. 

Texture.  —  The  texture  of  an  igneous  rock  means  the  size,  shape, 
and  mode  at  aggregation  of  its  constituent  iniiienil  {narticlea.  Tex- 
liue  is  a  very  important  means  of  determining  the  circumstances 
under  which  the  rock  was  formed,  and  hence  Krtal  attention  is 
paid  to  it.  Since  texture  responds  so  accurately  to  the  circum- 
stance* of  itolidification,  rate  of  cooHnf;,  pressure,  etc.,  all  the  varie- 
ties shade  into  one  another  by  imperceptible  gradations  and  form 
a  continuous  wries.  Xeverlheless,  it  is  necessary  to  distinguish 
and  name  the  mtire  imporlant  kinds. 

Amonj;  the  igneous  rocks  are  found  four  principal  types  of 
texture,  with  several  minor  \-arieties :  — 

I.  Glassy.  —  Here  the  rock  is  a  glass  or  slag,  without  distinct 
minerals  in  it,  though  the  incipient  stagn  of  crystalliution,  in  the 


Ibnn  of  globules  and  hiiif-like  rods,  arc  often  oh&ervable  with  the 
nicKWcope.  {Soc  Kig,  24.  p-  75)  VVlien  tlir  gliis.*  nr  sing  is  made 
fmthy  by  ibe  bubbles  of  escaping  steam  and  gas,  Uic  texture  h 
said  to  be  xtskutar,  scoriatfoui,  or  pumUeous  (.sec  Figs.  27,  jfo)> 
according  to  the  abundance  of  the  bubbles.  These  are  varie- 
ties of  the  gljutty  lexiurc,  Ihougli  mher  kind.i  may  aUu  lie  t^csic- 
ular.  A  vesicular  rofk  in  whicb  the  steam-holes  liavc  been  filled 
Up  by  the  »ub»<«jueni  depwition  of  some  miiieral  i>  tailed  omyg- 
datoidal.  a  leim  derived  from  ihc  tJrcek  word  for  almond. 

J.  The  Compatl  {or  Fclsiiic)  tenlurc  is  charactcriacd  by  the 
[orniation  of  exirecdingly  minute  irysiaU,  too  small  to  l>e  ieen  by 
ihc  una.<»i^te>l  e>'e,  giving  the  rock  a  hnmQgenn>u»  but  stony 
and  not  glassy  a{>{>eitrance.  If  the  crystals  arc  too  minute  to  be 
idcnliried  evta  by  the  aid  of  the  microscope,  the  rock  is  said  to  be 
tryfilotryttaUine,  and  when  4ucli  identiricalion  uin  lie  made, 
it  is  called  mUnKryslalliHt. 

3,  For^yritk.  —  In  rocks  of  this  texture  are  large,  isolated 
crystals,  called  fibenwrysfs,  embedded  in  a  ground  mass,  which 
may  be  gla»y  or  m;ide  up  of  small  <rj-slitls-  The  plienocrysl*  may 
have  sharp  edges  and  well-formed  faces,  or  they  may  have  intgo-  i 
lar  ami  tumxied  surfaces.  The  porphyrilk"  lexture  indiratw  iwo  ■ 
dl-ilinci  phases  of  crystallization.  The  fin-t  is  ihe  fonnalion  of  the 
pbcnncrysts,  which  remain  sus]>ended  in  the  molten  mass,  or 
mugmd.  and  are  often  corroded  and  partially  redissolvcd  {rtsorbed) 
by  it.  Thee  crystals  arc  said  lo  be  "f  iniratfllttric  origin,  because 
formed  before  the  enipiion  of  the  lava,  and  such  crystals  ar« 
ahowered  out  of  ccriain  aiiivc  \-olcanors  at  the  present  time. 
Stromboli  (see  p.  75),  for  example,  ejects  quantities  of  large  and 
pcrfe<rl  augite  cnwlals.  There  ts  reason  to  believe,  however,  that 
not  all  pbeTH)(n,-sts  are  thus  intnitelUirii-,  but  that  the  first  ph&se  of 
cryitalliiuilioti  wmelimcs  takis  place  after  the  ejection  of  the  molten 
nuua.  The  second  phase  rorisisLs  in  the  formation  of  Ihe  ground 
ousa,  which  may  1*  glassy,  finely  cnstalline.  or  both.  Mineral 
partidcs  having  dislimt  crj-slalline  form  are  (id)e<l  idiomorphit. 

4.  Granitoid.  —  In  this  texture  the  rock  fa  wholly  crystalline. 
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without  ground  maiu  or  intcrvlitUI  paste.  Tlw  component  grains, 
whkh  may  be  fine  or  ven-  coai^,  arc  ol  quite  uniform  size,  and 
a»  the  rryxtalf  havt  ininfered  with  one  another  in  the  pntceu  of 
fonnaiion,  tfaey  have  rsrely  acquired  their  proper  crystalUoc  dupe; 
Su(h  grain*  are  »aid  to  be  aJlttSriomorfibic 

Ao  additional  texture  which  should  be  mentioned  is  the  frag- 
mentai.  ThU  b  re|ife»enied  by  the  an-umulalion^  of  the  frag* 
mfnla)  productfi  ejected  by  vokanocs  (sec  p.  79).  agglonKnitcs, 
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bomb);,  liipilli,  ashes,  etc.  Many  such  materials  accumutaiv  in 
bodies  of  water  and  are  there  sorted  and  stralificd  and,  it  may  be, 
mingled  with  more  or  lew  iiand  and  mud  and  other  scdimcDtary 
material.  Rocks  formed  in  this  manner  piirtake  of  the  nature 
of  both  the  igneous  and  ^edimentary  clashes,  and  may  be  rt-garded 
as  a  scries  intermediate  between  the  other  two  and  in  a  measure 
connecting  them.  Th«e  rocks  will  here  he  treated  «s  a  sp«ial 
^bdit'ision,  under  the  name  of  pj-roclastic  rocks. 

our  »tudies  of  the  products  of  modem  volcanoes,  wc  saw  that 


Ibe  same  molien  ma^  wDl  give  rise  to  rockii  of  very  dJITcrent 
appearance  in  lis  diffcTcnl  parts,  according  to  the  circumataoccs 
of  rapidity  of  cooling,  iiressurc,  eic,  Wc  may  now  cxpreis  this  in 
somewliai  more  general  form  and  say  ihat  the  texlure  <>(  an  igne- 
ous rock  is  determined  by  the  several  faciors  which  afTed  ihe 
inollcn  mo-'^  duriiiK  coniiolidation.  Of  KUch  fa(-lor^  may  be  men- 
ti'oned  ibc  themital  composition,  tcmju-riiriiR-.   nic  of  coolinjf, 
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of  pressure,  and  the  quantity  present  of  dissolved  rapouis 
^nd  giucs,  wliicb  are  ridle<l  mintraiisrrs. 

SoUdiflcadoB.  —  Chemical  composition  determines  the  fusibility 
of  A  rock  at  a  given  temperature.  The  leant  fusible  rocks  are,  on 
ibe  one  hand.  llwKe  which  contain  large  quantities  of  silica,  60  to 
75%'  and,  on  the  tnhi-r,  tho»e  which  contain  less  than  40%  of 
dka.    The  most  fusible  rucks  are  those  with  an  intermediate 


J 
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percentage  o[  silica,  and  among  these  the  fusibility-  increases,  as  the 
percentaKC  of  silica  diminishes,  unlit  the  lower  limit  Is  reached. 
The  effect  of  chemical  comiwsiiton  upon  tcxtureis  seen  in  the 
rapidiiir  with  which  the  less  fusible  rocks  chill  and  stiffen,  and 
therefore  Ihe  greater  frequency  with  which  the)'  form  glasses. 

Chemical  composition  U,  however,  Imporiant  in  this  connection 
chicliy  through  its  effect  upon  the  rate  of  solidificnlion.  Wc  have 
already  learned  (p.  9],  that  solidification  ver>'  ^^ncrally  lakes 
place  by  a  pnxxss  of  crj-^^talli/^Uion,  an<I  this  rwiuires  time.  Hence, 
very  rapid  cooling  results  in  a  glass,  bui  Ihe  microscope  meals 
the  incipient  slagw  of  cnslaliization  in  many  of  even  the  glossy 
roclcs.  A  somewhat  slower  rate  of  solidification  produces  a 
Crtplwry^tallinc  nwk,  an<I  nuciestively  slower  rates  bring  about 
the  porphyritic.  microcrystallinc,  and  granitoid  textures.  Large 
cn'KiaU  form  slowly,  and  other  ihinjip*  beinji;  e<{U3l,  the  lar){er 
the  compfjncnt  crystals  of  a  rock,  the  more  slowly  has  it  consoli- 
dued. 

Pressure  is  of  importance  in  pm-enting  the  rapid  escape  of  the 
vapours  and  gases  contained  in  the  molten  mass,  and  hence  frothy, 
scDriaoeous,  and  vesicular  tcxtun-s  cannot  be  pnidiice*!  under  high 
pressures.  Pressure  is  also  believed  to  be  necessary  for  the  for- 
mation of  many  phenocrysis  in  imrphyritic  rocks. 

The  mineralizers,  such  as  steam,  hydrochloric  acid,  and  other 
v-s]i(>urs,  determine  the  cryslnllixalion  uf  many  minerals,  which 
refuse  to  crystallize  in  the  absence  of  such  vapours.  Variations  in 
thequamity  of  mineralizcrs  jireient  In  different  parts  of  the  same 
mass  mc;ojioii  cnrresponding  difTercnccs  in  the  local  textures. 
The  well-known  Obsidian  Cliff,  in  the  Yellowsione  National  Park, 
h  ffirnied  by  a  great  I.iva-shcct.  made  up  of  ultemattng  layers  at 
glassy  and  microcrysiallinc  rock,  a  difference  which  is  referred  10 
vatying  proporlloiu  of  mineralizers  present  in  different  parts  of 
the  molten  mass. 

It  must  not  l>e  supimsed  that  a  molten  magma  con8i»tx  merely 
of  a  number  of  fused  minerals,  mechanically  mixed  together  and 
having  no  effect  upon  one  another.     If  such  were  the  case,  the 
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mineraU  in  troolinj:  .ihould  ;ill  iryslallwe  in  ihe  onler  of  ihcir  fusi- 
bility, ihclcasi  fusible  [or mill g  firsl,  and  ihcmoM  fusible  last.  This 
it  twi  whal  wc  find,  and  ra^ny  fiicts  which  cannol  l>e  diitcusscd 
here  have  led  pctro^niphcrs  tu  the  belief  that  a  mohen  magma 
p  A  ioiulien  of  ccriaJn  compounds  in  others,  an<l  ihui  iTynLiUixa- 
(tnn  occurs  in  ihc  order  of  solubility,  as  the  point  of  suttiration  for 
pajlicular  compounds  b  successively  reached  hj'  the  looHiik  mass. 
Similar  phetvomena  m.iy  he  obscncd  among  .the  mrlnl.t.  H 
strips  of  copper  be  thrown  into  a  vessel  of  melicd  tin,  the  laliex 
wiU  disMilrc  the  ct^ipcr  at  a  temperature  far  below  that  at  which 
tiic  copper  would  melt  alone. 

In  a  rock  nuignui  tlie  (T^-Mnltimlion  of  the  mor«  and  more 
soluble  mintrab  will  proceed  rcgukrly,  provided  (he  pressure  and 
rate  of  cooling  continue  rons.tant.  As  these  conditions  are,  how- 
ever, subject  (o  variation,  it  frequently  happens  that  the  more 
soluble  minerals  bet;in  to  crystallize  before  Ihe  less  soluble  bav« 
all  been  formed,  and  thus  the  periods  of  formation  of  two  or  more 
kinds  of  minerak  partly  overlap. 

UfeuaHy,  the  order  nf  formation  of  the  different  kinds  of  min- 
erals in  a  solidifyinK  ina);nia  is  as  foUo«-s.  First  to  form  arc  apatite, 
tbe  mclullic  oxides  (magnetite,  ilmenite),  and  sulphides  {[>yritc), 
tircoa,  and  titanitc.  "  Ncjtt  come  the  fcno-magnesian  silicates, 
itw,  biotile,  the  pyraxeties,  and  hornblende.  Next  follow  the 
rrtpars  and  felspalhoids.  ne^>bdiiic  and  ieucite,  but  their  {}eriod 
often  laps  well  liack  into  that  of  ti>e  fcrro<mutn)esian  K<^)up.  Last 
of  lil,  if  excess  uf  silka  remains,  it  yields  quartz.  In  the  variations 
iif  pressure  and  temperature,  it  may  and  often  docs  happen  that 
m>tnl»  are  again  redi»iolved,  or  res<}rbcd,  as  it  is  called,  and  it 
may  abo  happen  that  after  one  series  of  minerals,  usually  of 
l»rge  size  and  inimtclluric  origin,  have  forme*!,  the  series  15  again 
ttpeatcd  on  a  small  scale,  as  far  back  as  the  ferro-nusneaJan 
iffiotles.  MberaU  of  a  so-called  secoinl  generation  thus  rcsuH, 
but  they  arc  always  much  imaUer  than  the  phenocrysts  aitd  are 
chuacleristic  of  the  ground  mass. 
"  It  results  from  what  has  been  said  that  tbe  residual  magma  is 
« 
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increasing)'  siliceous  up  lu  the  final  tnnwiiclatinn,  far  ihc  carliet 
aysvMiattiota  arc  UtkcIv  pure  oxides.  It  i^  abo  a  strikint;  {art 
that  the  \eaf\  (u»il>le  minemlx,  the  felxpant  :tntl  quirtz,  are  the 
lasl  to  crysuliUc."    (Kctnp.) 

A  very  conKidenihle  numl^r  uf  minerals  are  found  in  (he  ignr- 
ous  rocks,  but  comparatively  few  in  any  large  quantity.  It  thu^ 
becoRMS  nn-evuin'  i>j  di>tini;uish  between  ihv  tsttmtiai  mineral 
of  a  rock  and  the  auttsory  oaa.  The  es8cntia]  minerals  arc 
those  which  diaractcrixe  a  p'^-cn  kitjd  ol  rock,  while  the  accessory 
mincmls  arc  thusc  which  occur  in  ^mali  (juanlilics  and  which  may 
be  present  or  absent,  without  materially  affecting  the  nature  of 
the  rock.  The  di»tiiK'tion  is  nccetsary  and  uKful,  but  is  rather 
arbitrary. 

Annrther  n«ce»>ar}-  distinction  is  thai  lielween  origimai  and 
stcandary  minerals.  Original  minerals  were  formed  nilh  or  be- 
fore the  roi-k  ijf  whicli  they  are  coit>tiiuents,  and  iiecutidar^-  min- 
erals are  produced  by  the  aiteratJon  or  reconstruction  of  the 
origiual  one». 

With  comparatively  few  excq>t»ons,  the  ^cous  rocks  are  made 
up  of  some  felajiar  or  felspalhoid,  toKctbcr  with  one  or  nvure  vi 
the  pyroxennt,  amphiltnles,  mica»,  olivine,  or  quartz.  Magnetite 
is  also  ver>'  common. 

Differentiation.  —  Dtffcrvnt  ports  of  the  same  continuous  rock- 
mass  ficf|ucriily  display  chemical  and  mim^ralofpcal  variations, 
rt^ulling  frnm  a  procicw  of  dilTvruilialioii,  or  se^^r^alion,  of  the 
magma.  How  this  is  brought  about,  ts  far  from  certain,  but  there 
can  tw  liltlc  or  no  duuhi  ax  to  the  fact.  "  When  large  areox  of 
eruptive  rocks  are  carefully  inv-cstigatcd,  it  is  found  that  there  is 
a  perfect  an«l  )i;railual  transition  of  one  kind  into  another  —  all  in- 
termediate varieties  cxii^ting  —  and  that  quant ituii\-c1y  no  special 
part  of  the  j«ric«  i.i  universally  predominant,  although  there  are 
often  immense  masses  of  nearly  uniform  character, and  there  may 
be  smaller  bodies  of  <]uite  variable  composition."  (IddingH.) 
It  is  further  found  that  in  a  gi\Tn  volcanic  district,  or  pttrographi- 
col  pmvime,  the  rocLs  erupted  at  a  particular  geological  period 
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have  certain  peculiuritici  whiih  (listinKui^h  ihem  fn>m  tlio»e  of 
olhcr  provinces.  It  thus  appears  prohablr  that  ihc  igneous  rocks 
of  such  a  jirovinoe  were  derived  (nmi  the  same  miinma,  and  the 
relationship  between  the  various  kinds  of  nxks  of  ihc  j>rwvincc  b 
r>II«l  {oruanguimly. 

The  existence  o(  these  pctrogtaphicn!  pronnccs  docs  not  imply 
thai  the  rockt  of  each  one  differ  from  those  of  all  the  oihem.  In 
(act.  similar  or  idciilical  groujjs  of  rocks  arc  found  in  many  parts 
of  the  world,  hut  each  province  differ*  more  or  less  imm  the  sur- 
rounding ones.  Thitf,  rocks  which  from  the  genetic  j)oiiit  «f  view 
arc  closely  relaled,  are,  byanyscheme  of  chemical  or  mineralogical 
dusiric.ilion,  often  phiceil  in  widely  M;panili-<l  groups. 

AflBtmilstioiL  -  When  wc  examine  in  the  field  the  iRneous  rocks 
in  tlicir  rrla!iun»  to  other  nK-J(-m.is»eK,  we  fret|uenily  hnd  cases 
where  it  is  exce«Jingly  difficult  to  account  for  ihc  presence  of  ihc 
ignetms  mass,  except  upon  the  a^sumpliun  that  the  nrngnu  made 
my  for  itself  by  fusing  and  incorporating  the  rocks  which  must 
formerly  have  occupied  its  present  position,  the  surrounding  rocks 
Eho«'tng  no  evi<Jetice of  lieing  merely  pushcil  iisiili-  I)y  the  om ending 
majcma.  In  certain  instances,  such  a  melting  and  incorporaling 
of  appostinii:  nick>  would  :ieem  to  he  <'le^ir,  as  when  a  shc^^t  of  niagma 
has  made  its  way  into  a  series  of  str^tn,  parallel  with  the  bedding 
pUne,  witbotit  increasing  ilie  ihJckneM  "i  the  series.  This  in. 
corporating  of  freshly  fused  material  with  the  intruding  magma 
b  called  aifimiiition,  but,  save  on  a  very  small  scale,  its  reality  is 
a  subject  'A  much  dispute,  and  some  of  the  highest  authorities  al- 
ingelher  reject  it.  Neierthcless,  many  obsened  facts  stnmgly 
favour  ihi.i  assimilation  theor}-,  which  has  a  mo.'^t  im{M>rtant  bear- 
ing u|>on  some  of  the  fundamental  problems  of  geology.  Accord- 
ing to  this  view,  tite  ascenih'ng  m.igma  is  at  an  extremely  high 
ton[>eraturc  and  very  fluid,  and  it  forces  its  way  upward  partly 
through  rrevites  un<l  fissures,  jwrtly  by  detaching  joint-blocks, 
which  sink  into  ilw  molten  mass  and  arc  dissolved  by  it,  thus  greatly 
modifying  the  chemical  oon<!liiuiit»n  of  the  magma.  SuhM.-quently, 
Ihe  magma  becomes  diRereniiated,  so  that  the  differcut  varieties 
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oE  rock  separate  from  one  another  in  the  manner  already  described. 
Perhaps,  as  Daly  ha^  sug}{e»ted,  ihcre  is  a  universal  subcniatal 
magma,  of  bosk  composition,  which,  owing  to  the  pressure 
of  the  o»erlyins  crust,  j.i  only  poieniially  fluid,  liquefying  alonjf  lines 
of  a  [lartiul  release  of  pressure.  The  overlying  solid  rocks  arc,  on 
the  average,  more  acid  than  the  subcrusial  magma  and  thus,  by 
assimilation  followed  by  dilTerentialion,  the  many  varieties  of 
igneous  rock  are  formed. 

Claissification.  —  What  was  said  above  with  regard  to  the  diffi- 
culty of  classifying  rocks,  apijHe*  more  especially  to  ihc  igneous 
group,  bcc.iuse  of  the  way  in  which  ihi-  viiriotis  kinds  shade  into 
one  another,  since  even  the  .same  molten  ninAs  may  differentiate 
into  several  species,  showing  not  only  differences  of  texture,  hut 
marked  changes  of  chemical  and  mincralogical  composition.  In 
lui  elemcntar)'  work,  like  the  pn.-srnt,  only  a  meagre  outline  of  the 
subject  can  be  atlem|)tcd,  for  Ihc  microscopic  study  of  rocks,  or 
]>etrogr»j)hy,  has  now  bet  ome  an  iti<lependent  science  of  great  srojx; 
and  interest  and  cannot  be  compressed  into  a  few  pages. 

Tht  rlus-tification  of  the  igneiius  rocks  now  most  generally 
adopted  is  made  upon  a  threefold  method,  according  to  icjclure, 
an<l  chemical  and  mineratogical  comiiosttion.  Iti  ibe  following 
tabic  (modified  from  Kemp's)  the  textures  arc  given  in  vertical 
order,  white  transversely  the  arrangement  is  inineraloglcal,  chiefly 
in  accordance  with  thcprindpal  felspar.  In  Ihts  manner  the  acidic 
rocVs  come  at  the  left  side  of  the  tabic  and  the  I>asic  at  t)ie  right 
side.  The  perccnt<igcs  of  silica  are  given  on  a  lower  line  of  the 
table. 

The  add  rocks  are  so  called  because  they  are  rich  in  silica,  but 
they  have  only  small  i^uaniitics  of  lime,  magnesia,  and  iron;  hence 
they  are  veiy  infusible,  nf  low  sfxrific  gravity.  an<!  generally  of  light 
colours.  The  basic  rocks,  thus  named  because  of  the  predomi- 
nance of  the  base$,  have  much  smaller  |)ercent:iges  of  silica  and 
higher  ones  of  lime,  magnesia,  and  iron;  (he  Utter  substances 
act  as  fluxes,  making  die  basic  rocks  much  niore  fusible,  as  well 
as  giving  them  a  higher  specific  gravity  and  darker  colour.    Tbc 
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disliinrtion  between  add  and  basic  rocks  cannot  be  vay  sharply 
rlrtiwti,  because  the  two  kinib  are  connected  by  every  variety  of 
intemifdutc  gradation.  The  same  is  tnic,  however,  af  all  the 
diTKiMiu  given  in  ibe  table,  which  is  apt  to  produce  a  false  impres- 
sion of  shar|dy  distinguished  groups  of  rocks,  such  as  do  qdI  occur 
In  nature. 

As  a  geocial  rule,  the  gliL<3y  and  porphyrilic  texturex  cfaaraiter- 
ixe  ibciM  rocks  which  have  wtktificd  at  the  surface  of  the  ground, 
or  not  vcT^-  far  lM:k>w  tt,  while  ihe  granitoid  typci  have  cooled 
sJowiy  and  a(  great  drptlti;  but  there  are  exceptions  to  both  state- 
ments. Between  ibe  gla-ssy  and  purphyrilk  textures  al  one  end 
of  the  series  and  the  granitoid  al  the  olher  comes  the  felsitic 
which  represents  an  inicrmediate  rate  of  cooling  and  intermediate 
depths  within  the  earth  as  the  place  o(  solidification  (hyptdtyssaT 
rocia). 

The  division  of  the  igneous  rocks  into  families  b  made  prima- 
rily in  accordance  with  the  mincralogical  composition,  with  sub- 
divisions accontii^  to  texture.  This  method  give»  us  fire  prinripod 
groups.  _^ 

I.  The  GtAnrTB  Fawlv  ^^ 

The  mollen  nugraa,  which  on  xoUditiration  gitTS  rise  to  (he  rocks 
of  this  group,  Is  ver)-  rich  in  silica  (65  to  80%)  and  hns  from  to 
to  15%  of  alumina;  the  quantity  of  alkalies  (Na  and  K)  is  rela- 
tively large  (6  to  8%),  and  there  arc  small  amounts  of  iron  oxides 
(3  to  4%).  magDcsia  (1  to  i  %),  and  lime  (i  to  4%).  In  the  process 
of  conM>lid:ition  the  principal  minenib  f^irmcd  arc  ortb<Kht««  and 
quartz,  with  smaller  amounts  of  oligoclase,  iron  oxide,  and  of  the 
terra- laigne^iun  mfnerab,  biotiie  or  h<imblende.  Differences  of 
texture,  produced  in  ihc  manner  already  described,  give  rise  to 
rocks  of  totally  different  appearance,  which  It  h  diflktdl  lo  imagine 
arc  of  simiLir  or  Ideniical  composition. 

Obsidian  is  a  volcanic  glass,  which  h,  usually  black  or  dark 
brown  or  green  (liut  .utmeiimcs  blue.'  red,  or  yellow).  It  breaks 
^th  a  shclMike  fracltire,  and  in  very  thin  pieces  is  iraiuduccnL 
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The  micruecupc  sboin  "  crystallites,"  tlie  incipi«nt  stages  of  cwy9~ 
tab,  which  are  prtseot  in  gmi  numlicrs.  The  oaiue  ^bsUliaM  a 
UMxl  fur  ihr  \-3muus  kind.i  of  \-olrani(  gl:L-<A  in  uliich  the  p«a-«nia}(e 
of  water  b  small,  and  m>  for  rxact  di.-siii[>tion  a  prc^x  »  naxssikTy, 
such  ax  rhyetiu  oktidian,  amUiile  obfidian.  Though  the  f[lasse» 
src  of  varj:ing  compoi^itiiin,  bv  f.ir  ihc  grater  numtx-r  of  Ihcm  bc- 
lucqc  u>  the  jcraniie  family.  When  the  glass  is  dividvd  by  iiint-eniric 
cncks,  due  to  shrinkage  od  cooling,  so  as  to  form  onivn-likc  spher- 
ules, it  b  caDcd  PtrlUe. 

Pitchctone  has  much  tlic  same  ai^warance  as  obsidian,  but 
ooniains  frofd  5  to  10  %  of  water. 

I^nnJce  is  n  glass  blown  up  by  Ihc  bubbles  of  escaping  steam 
aod  other  vapours  into  a  rock  froth,  mi  light  that  it  will  float  ujun 
water.  A  very  simQar  substance  b  produced  when  a  jet  of  steam 
b  blown  through  the  melted  slas  from  an  iron  furnace. 

It  not  tnfrwiucntly  lujipem  ihat,  in  conn*  of  time,  the  vokanic 
rocks  become  decilrifie^,  losing  their  glassy  texture  and  a&suming 
a  siotiy  one.  The  b(ira(>geiie<)Us  rock  1>ec<kmes  a»n\-ertc(l  into  a 
mass  of  cxtrrmcly  minute  crystals  of  quanz  and  felspar,  and  the 
original  glauy  texture  k  then  shown  only  by  ihe  lines  o^  ftow,  or 
by  the  pcrlttic  character,  which  arc  not  aSerted  by  the  change. 
Devitrificaiion  hsLS  aLw  been  obtiened  in  artificial  glasses,  n|>e- 
dally  when  the  gloss,  owing  to  insufficient  annealing,  has  been 
subje*:!  to  internal  stress. 

Rhy  olite  ordinarily  occurs  ns  the  lava  out  flow  of  a  granitic  magma, 
cooled  rapidly,  but  yet  more  slowly  than  oli^idian.  Tlie  texture 
is  porphyritic,  the  phenocrysts  being  chielly  ((unrlz  and  Ihc 
glassy  form  of  onhoclase  known  as  snnidine,  while  the  ferro-mag- 
ne^inn  mincralf  arc  present  in  very  much  smaller  (juantiiics,  and 
of  these  the  commonest  h.  biolilc.  The  phcnocrysts  are  em- 
bedded  in  a  ground  mass  of  minute  fclsjiar  crystals  and  a  varying 
proportion  of  glass.  Other  names  ased  for  rhyolite  are  lipariU 
and  quartz  Inuhyle.  The  rhyolitcs  are  exceedingly  common  in  ihe 
wcKtem  pan  of  the  United  States.  The  FtUUtj  are  very  dense, 
fine-grained,  and  Iight-<x>|j«ir«^^fwJ^^^^ri?*^h  [Jwnocrysts  are 
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en*  ovsi  bf  ite  lirmnluctri—  nc  nhniriwnc  mi  limStm.  br  d» 

■•of  HHBr  ^^t  iv  itjiiwl  i^mBbK  tIDBt  ^MittL. 

OBfRBRpfiilv'  HDD  ilnnHk  of  fittte 
urn  tke  oar  b»ad,  and  iim  ffoam  la  [far  odHc;  it  b  r^vle  up' 
nf  plMuuuiMB  of  loun;  'ir  if  ■iu*w»  iiii*-i«»h«itn«. 
Sw  j^nvoH  mam  if  liw  suiK-  ■■ii—'i'fc  It  tte 
jrv  i^vry  ^nmUni  jiiri  dir  iptiood  mam  ttHt  — ~r  ^  jpnfir*'*  ibe 
riyfc  ;<  lalleri  ffitmH^  jfuf/kyrji  Stonte  pvplinv.  Qfanite  pv- 
pbvTv,  tftc,  bear  sinikr  rcktt6HM  u  thv  otbc^  nHadm  of  dKsr 
.-»fKriliv  SundlBE  jaI  3nal  an  tiintar  dsaqnMi. 

GnaMr.  —  TV  xnuiiiis)  «e  thnratqEMV-  a^MBfibe  mdi^  irf 
i^-^thMdw  >rranimiit  tmuic.  m  wbmh  dun'  b«e  fpwta  tte  mne; 
am'  mv  KPioniJ  itnv.    T&i  ipauia  fsve  our  rfMar  pnpcr 

ayM~:..^.  jiiaye,  tfag  wpwnar  mhifai^  ianpidtiy  <«th  tfe  mfcg 
t>»  llw  ^wi.)!*  flf  ayarifawfaiti.  The  dwamgaiiL  miunai^Me 
rfiurtz.  irdiactBOT.  mb«  add  fbt^arhmu  manmlK.  hiDriB.  uu 
IWfnblBiiifc!;  wti^ieitB  ans  jpanK  sb  iurba  pi^Mii^  tnauKD  ui 
MBH  ^wmMiiii    thf  rariMiaaB  is  griHic  mb  yiiwit|<«fl^  ib  At 

wbitt  iitiiu  Mly;  ^tMiib;  •«>  ftfaiar  on^  In  iiiirwJi  ytwfc. 
<bg  htxwMwwlB  wplufag  d>e  Migi^  or  »  wtftwm  m-  !im!^«^  aN|ih 
gfsnilf,  ffWk  M|0K  mm!  biotivt-  Tmw  iis  vdocft  qb  i 
rtl  wwfa  iifciufcaweJBtliirfi  jjwmih  WWalfcrl 
MKrJ«tt  »«  >S  aAiieaf;  Ik  mck  t»  aflect «  JUmt*  fMCMto,  or  .<  ^ttr. 
TV  (drMir  «l  gnail*  »  dnft  ar  f^  —-"—*—  vfth  Ihc 
prnfArfimi  nl  dart  aScMa  paam,  wUe  Ak  ifeiAt  ^  Ihe  fitbpar 
<fcwrmiiw  whedMr  dM  rncfc  akal  be  nd.  piak,  or  wlttt.  Tte 
Hjtloca  /^  ipckMaiF  parto  noca  bbc  Id  MfT 
caaea  fcacMwn  aaa/fr  pmpbyiMc.  A  vbj  i 
1ft  ChBm)  ftpm^hU,  M  jfitxl  pamiU. 

XL  Tub  STDm  Famh-T 

fn  ihb  (amilj  tSe  wa^^ta  modi  manbla  tint  of  tbe  granite 
,  nrcfrt  IfaM  ibequsnUtr  afidic»iftIcs(50lD65%);  faaacc 
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it  is  neariy  or  quite  taken  up  id  the  (omution  uf  «ilicate5,  leaving 
little  or  none  to  cnni.talli/^  out  separately  as  quartz,  iinil  orih(X-lu.te 
h  tlius  Ibe  cbid  mincraL  The  lu-u  Inmities  ure  connected  by 
toany  transitional  rockit. 

Syenite  Obddinn  is  itHtistinguishable,  except  by  chemical  analy- 
fib,  from  ilic  glasses  of  the  precedint;  family,  but  it  is  mucti  less 
cooiiaon. 

Trael^te  is  a  TOlcanic  rock,  consisting  of  phcnocn'sis  of  sani- 
dtnc  in  a  ground  nui^s  of  minute  (el:t{Mr  crystals,  but  having  little 
or  no  gla^s,  lof-eiher  with  man  at  less  bioiitc,  ampliibolc,  or 
pyroxene,  according  to  whicb  we  gel  the  varielic»  mifti,  amfJii- 
Me,  or  fiyroxnu  trachyte.  In  America  ihc  trachytes  arc  voy 
much  less  abundant  than  the  rhyolites. 

PboooHte  differs  from  trachyte  in  the  higher  percentage  of 
»uda  which  it  contains,  and  in  the  presence  of  the  feLs|xiihiii<i 
ncpbcline  or  leucitc,  or  both.  The  nam<-  is  deri^-od  from  ih« 
ringing  «>und  which  thin  plates  of  the  rock  give  out  when  struck 
with  a  hammer.  Phunnliies  are  quite  nire  nK-k.t,  and  in  this 
countrj'  the  best-known  locality  for  them  is  the  Black  Hills  region 
of  South  Dakota. 

Syenite  is  a  thoroughly  crystalline  rock,  without  ground  mass, 
and  much  re:(embling  gninite  in  appearance,  but  h.tt'ing  no  quarbt. 
It  is  composed  typically  of  orthocUse  and  hornblende,  with  pbigio- 
close,  apatite,  and  magnetite  as  accessories.  M'hen  the  hornblende 
is  replaced  by  biotite,  the  rock  i^s  culled  mtm  symile. and  when  by 
augitc,  auf^U  syenile.  The  name  synite  is  sometimes  given  tn 
the  rock  we  how  calleil  '*  hornblende  granite." 

ITepbeline  Syenite  is  marked  by  the  presence  of  nepliclinc,  ami 
bcjrs  the  .^ame  rebtioii  tu  phonulite  a»  syenite  docs  to  trachyte, 
■icing  the  granitoid  crystaUi/ation  of  the  same  magma. 

"Vhe  syenites  occur  ju.tl  as  do  tlie  granites,  but  arc  iwt  nearly 
•o  frequent. 

IIL  Tbe  DioKtrE  FAUiLy 

The  magma  of  these  rocks  has  about  (he  same  silica  percent- 
ages (50  tu  65  %)  as  have  the  syenites,  but  tlic  quiiniiiy  <»f  alkalies 


b  les,  while  itut  or  the  lime  iwd  nu^nesU  is  gnBter.  H< 
onbocU±<c  is  abxni  or  much  kss  imponant,  and  the  priDcipal 
mineral  iit  a  sodalime  fekpar.  The  textures  (ibfilav  tfoe  usual 
raricty  frocD  gbssy  to  granituid. 

The  gbxws  of  this  family  (andesite  obsidian)  tan  be  dbtlo- 
guttbcd  from  tUat*:  at  the  prccniing  gruufw  only  by  chemical 
anaiy^ib,  but  ibcy  are  rare, 

Aodesites  are  dark-coloured  iavas  u(  porphyrilic  or  compact 
Icxttirc.  composed  o[  a  glassy  plapoclasc  fckpar  and  Mime  fcrro- 
mo^csian  mineral,  enil>edded  in  a  gruurul  ma»»  i>(  felH^tar  needles 
and  ^asB.  In  accordance  vllh  the  nature  of  the  predominant 
ferro-majcnchian  mineral,  we  have  konAUnde  andntU,  biotiu  andt- 
iiU,  and  several  varieties  of  fiyroxvne  amdesiU.  These  rocks  are 
very  common  in  the  weiern  United  States  and  along  Ibe  Pacific 
const  of  both  North  and  South  America;  ihey  arc  named  from 
the  Andes. 

The  Dacitea  dllTer  Irom  the  amieMtn  in  having  quartz,  and 
therefore  a  hinher  percentage  of  silica. 

The  Dioriles  are  the  iilutonic  e<|uiva)ent»  of  the  and(»ites  and 
dadtes,  hsvinj;  granitoid  texture.  The  ferro-maKnesian  mineral 
is  usually  ^ntn  hornblende,  but  aupte  and  other  pyroxnM»  and 
bioiile  occur  in  the  diffrrcnt  varieties.  Mwt  dinrites  have  a  little 
quarlz;  but  when  this  mineral  l>eroroes  abundant,  it  Kiv«  a  tpiarh 
dioritf.  which  it;  related  to  the  dacitcs  as  the  typlotl  diorite  is  to  the 
amies  I  (C4. 


IV.  The  Gabbko  Family 
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In  the  nmgma»  of  thLt  serieji  the  percentage  of  nilica  vt  much 
leas  than  in  the  preceding  groups  (40  to  5S%).  and  the  quantity 
o(  alkalies  i»  small,  while  rhat  of  iron,  magnesb  and  lime  '»  much 
greater.  They  are  hcav>-.  dark-coloured  rocks.  The  principal 
minerals  are  a  plax»cb.<)e  feltpar,  rich  in  lime  (labradorile  or  anor- 
thite),  some  kind  of  pymxcne.  magnetite,  and  frequently  olivine, 
here  b  a  wide  range  of  mineratogical  n>m|MisiiioR  and  many  varie' 
tif  nKk  occur  in  this  family. 


tW  kkfmrrrpoii  are 

lon^,  narm*.  and  hiii^^^ed.  Bad  oMaia  tke  ifaulc  HiiQmk  in 
Ihcir  iDtcntircs.  Tbc  nap  ndis  of  llw  Pkinailcs  of  tkr  Had^w, 
and  manr  iocaSiia  io  the  Cooaenk-ai  i-aBcr.  Ntrw  Jmty,  Huy- 

Und,  Mi^nia,  aod  Xonh  Cimiina,  arr  diahasc 

Gabbro  U  a  teno  wbicfa  is  am  tu«0  coinpiTbnBh<elT  to  tndwle 
the  coarse  ipiitncd,  plulonic  [>ha!«s  vi  the  t-arii>u«  ba^Mblt  nvks, 
whicb  arc  typicsUr  compcKwd  of  pbgioctasr  and  p>-mMW,  (VMim 
gqbim  and  korvUtitJt  giMn  are  lutmn'  ihaj  cxttlaiii  ilKtuscttra. 
XffHU,  or  hrperiAem  g«Uro,  conuiie  «nlK>rlK*mbtc  (iyni-\«w). 
AnorihofiU  u  nearly  pure  L-ibradorite  in  br]te  cnKtaU,  with  lilllr 
or  no  p)Toxctte:  t;reat  masses  of  it  occur  in  CanaiU  nnd  (he  KM- 
rondack  Muuiuains  of  \ew  York.  G.iM>rns  aTr  |irr<cnt  im  ii 
great  scale  in  the  AdimmUcks,  and  occur  in  the  Wtiitr  Motlli- 
tains,  on  ibc  Hudson,  ikht  Ballimorv,  aniund  Ljike  Su|i«rii>r,  Id 
California  and  various  [>.irt>  of  lite  Wrxl. 
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V.    PEBiwiriTE  Family 

Thete  rocks  have  no  felspars,  and  in  most  oi  them  the  quantity 
of  silica  is  Mow  45  %,  while  Ihiit  of  mugne:<iii  is  from  35  10  48  % ; 
they  are  composed  almost  entirely  of  ferro-mAgncsian  mincrab. 

Limbufsite  is  made  up  of  crj-jtiab  of  au^te,  oli\-ine,  and  mag- 
netite, embedded  in  a  glasiy  ground  mass.  ^H 

Augitite  is  a  ntmllar  ruck,  but  without  olivine^  ^H 

Pyroxeoite  is  a  holocrj'slalline,  plutonic  ruck  composed  of  one 
or  mm-  \:ir'ti-ue>  uf  pyroxene.  ^H 

Hombkiiditc  is  a  similar  nK~k  made  u])  of  hornblende.  ^^ 

I'he  Peridotites  arc  likewise  plutonic  rocks  which  ace  principally 
composed  nf  olivine,  with  iron  ore  and  some  of  tlie  pyn>xenes  or 
hornblende. 

The  Serpenlines  are  protluds  of  alteration,  and  many  of  them 
have  been  formed  from  peridotites,  though  some  have  been  derived 
from  augiti<'  rotks,  nuch  as  }i;abt)ro,  an<l  others  from  hornbteiMlic 
rocks.  In  rarer  instances  they  have  arisen  from  the  alteration 
of  acid  rocka. 

APl'KNDIX 
THE  PVROCLASTIC  ROCKS 

Tdese  rocks  arc  formed  out  of  the  fragmental  materials  ejected 
from  volcanoes.  The  materials  are  of  course  igneous,  but  the 
rocki  thenuclvcs  differ  from  the  typical  igneous  rocks  in  »eveml 
imporlan  I  respects.  They  have  not  been  formed  in  their  present 
stale  of  afcgre^lion  by  cooling  from  a  raolien  mass,  and  in  many 
cases  they  arc  more  or  less  dislinctly  slr.ililied.  It  seems  best, 
therefore,  to  group  ihcm  wparatcly,  under  the  name  pynciesiU. 

Volcanic  A{m>Iomenite,  or  Breccia,  is  a  mass  nf  angular  blocks  of 
lava,  with  which  may  be  mingled  fr3i;mcnts  of  scdimcntarv  rocks, 
which  ihe  volcano  ha-t  lorn  off  fmrn  the  Ni<le:t  of  its  chimney.  The 
may  be  loose  or  cemented  together  into  hard  rock  by  a 
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fillitu;  of  fiiwr  nuterials.  Ordinarily  Ihc  breccia  is  lormcd  only 
n«ir  th«  veni,  but  swnetimes  it  i»  <ie\clopeil  on  a  grciK  scale,  as 
ID  the  eastern  part  of  the  Yellowstone  Park. 

Tuffs  are  ina»»e»  of  n>l<-;tnic  aahc*  anil  ilusi,  which  acciimuUle 
in  beds,  riibcr  on  the  land  or  in  bodies  of  water.  Even  in  falling 
t]trough  the  air,  the  [lariideA  are  ported,  in  fome  <le;;ree,  In  ac- 
cordance with  their  §ize,  and  the  tufTs  arc  thus  usually  stratified, 
and  frequently  have  fo<Mil»  in  thcni.  U'hen  accumulated  under 
Katcr,  the  »sht»  arc,  uf  course,  slrolified  and  may  be  mingled  with 
more  or  less  sedimentary  dfl>ris.  Such  subatiucous  tuffs  pass  into 
(be  ordinar}-  sedimentary'  rc>ck»,  by  the  gradual  diminuiion  of  the 
volcanic  material.  When  enamined  under  the  microscope,  even 
■he  lineal  lufT.t  are  found  to  cun-siM  i>f  cr\-)(lals  un<l  particles  of  f^lass. 

I'be  \-olcanic  breccias  and  lutfs  may  best  be  classified  in  accord- 
ance vHlh  tlie  nature  of  the  com[>aneRt  fragment*).  Thus,  we  find 
riiyotite  tuffs  and  brrcciii^,  andcsitc  tuffs  and  breccias,  basaltic 
luSs  and  breccias,  and  the  like. 


CHAPTER    XI 
THE  SEDIUVTAST  KOCKS 

TfrB  materials  of  which  the  sedimentary  rocks  are  composed 
were,  in  the  first  instance  at  least,  derived  from  the  chemical 
ficcay  or  mp<  haniral  afira-iion  of  the  ipieous  rocks,  and  hence 
(hry  are  often  railed  derivative  or  scrondarj-.  They  have  been 
laifl  down  under  water,  or  on  land,  and  are  therefore  almost  a]wa>'s 
ulratififd  and,  for  the  most  iiart.aTCfomiwiserJof  rounded  fragments, 
seldom  cry=ii)illinr. 

Almost  all  the  mineral.^  which  we  have  found  in  the  igneous 
rcM  ks  also  (Kf  ur,  in  a  more  or  lcs.s  wom  and  comminuted  condi- 
tion, in  the  sedimentary  class.  However,  with  the  exception  of 
(|ii'irl>^,  the  ffrcil  built  of  the  sedimentary  materials  consists  of 
sim|ilor  and  more  slalilc  comjmunds  than  the  igneous  minerab, 
from  Itir  drcomixisilion  of  which  ihey  have  been  derived.  The 
prirn  ijial  minerals  wjiich  rom|KJSc  the  scdimeijiary  rocks  are  quartz 
(Si(),f,  kaolinili'  '(AC(>„  2  SiO,.  2  n3t>),  anfl'cVifcitc  (CaCO,). 

(.tunrl/,  ii  II  very  simfilr  and  stalde  chemical  compound,  and 
licncr,  in  tlir  ordinary  jiroccss  of  rock  <lccay,  it  remains  un- 
chariKcd  fiirllicr  llian  hrint;  broken  u]i  into  smaller  pieces  and 
roiMidnl  liv  the  ailioti  nf  wind  or  running  water.  Kaolinite  is 
drrivc'l  ]irin<  ijially  from  llic  decay  of  ihc  felspars,  and  the  lime 
iif  i.di  ile  fri'm  llir  ciim[>lrx  siliralrs  containing  lime,  which  are  so 
fii'i|nriil  ill  llir  i^rneiiiis  roi  ks,  'I'liese  rocks  also  yield  the  iron 
oxidri  which  iiic  >-ii  wiijrlv  dilTiiscil  in  the  sedimentary  class,  though 
conijiaralivelv  M'ldoni  in  :inv  very  great  quantity.  Very  many 
Viiiirlios  "f  ri'i  li'.  ;ire  |ir"iluied  by  the  mixture  of  the  siliceous 
•■■iiart/l.  iirgillan-ous  (ilayl,  and  calcareous  (lime)  materials  in 
'iig  im'iuirtions,    The  sorting  out  of  niaiertal  by  water,  accord- 
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ing  10  its  cbcmiiral  nature,  is  imu^lly  imjH-rfccl  (although  Milinous 
«nd  rattureoux  (.'otweiiiniii'iiu  arc  udcn  rcmurkublt'  pure),  and 
chaiiK*^  from  pnini  to  [loint,  v>  ihiit  (h«  iieilimcntar>'  tixV*  hiiv«  an 
even  lect  dvfitiiie  chcmltAl  LomixMiiiun  thiiti  have  the  igneous. 

It  is,  unTortunalely,  not  yc4  itratiieahle  to  apply  (o  the  iwdi- 
mentary  rockii  the  arranfirincnl  eiii|it<>y<yl  for  mtHlem  continental 
ami  mnrinv  depiniu,  iiml  the  mtni  ^wful  cbviriraiion  al  |irc»enl 
i>(  the  sedimentary  rocks  in,  primarily,  ncrordinf;  to  the  mode  of 
their  fonnaliun,  ami  .<i«<i>nibiily,  acconlinc  l»  their  compcwiiiloa. 
This  gives  t«>i>  principal  divi*i()n»:  1,  the  Aqutotis  Koch,  nr  th<»c 
laid  clown  untkr  water  ;  II,  lA<  ^£t>lian  Rofks,  those  which  were 
acrumiilatttl  on  land,  irhkb  an  »f  more  limited  extent  and  <m- 
[Hirtance, 

I'he  aqueous  rocks  may  lie  furttirr  divided  into  three  claMes: 
I,  Mechanical  Dqwdts;  2,  Chemical  Precipitates;  j,  Organic 
Accumidations. 

I.   Aqueoits  Kocks 

"Hie  rockit  laid  down  under  water  fomn  llie  lat^ger  and  more  Jro- 
portant  part  of  the  sedimentary  seria. 

I,    UHniANtCAt.  RKPOsrrs 

These  have  resulted  from  the  accumulation  of  d^irli  derived 
from  the  dcstruciion  of  preCxiiiting  rocks,  curried  in  mcchantcul 
AUtpcnsion  by  moving  water,  whether  waves,  currents,  or  streams, 
and  (Iro|i[ied  when  tlte  teloijty  of  the  moiinft  water  was  do  lonfter 
suSBcient  to  carry  (hem.  The  study  of  the  dynamical  pn>ccas<s 
has  already  laujiht  us  that  such  accumublions  are  forminf;  to-day 
in  all  kinds  of  lirxlies  of  water,  and  an  examination  of  the  roclu 
will  show  that  similar  accumulations  have  been  made  since  the 
be|:(nninK  of  ret^trdcrl  geological  lime.  M  in  era  logically,  the 
mechanical  dqxnits  arc  of  two  printipal  kinds,  the  siiUfcus  and 
Ibe  argUhftom.  The  sorting  power  of  water  has  been  sufbcient 
to  separate  tbcro  more  or  less  completely,  though  we  fiiu]  mixtures 
of  the  IKO  in  all  projwrtioits. 


THE  SEDIMENTARY  ROCKS 


0.   SilUeous  Rocks 


h 


In  thcM  rocks  (he  principal  compunctit  is  quartz  in  fragments 
of  gToiier  or  less  sIkc,  cither  angtular,  or  more  or  leas  ruunded  liy 
vrcar.  Of  the  commim  rtick-forming  minerals  qu:irtx  is  the  hunl<%t 
{.VMJ  the  one  which  best  resists  chemical  change.  Small  quantities 
<iS  rithcr  minerals,  such  as  m;tgiietite,  mici,  felspar,  garnet,  etc.,  iire 
generally  present. 

Stnd  is  m^de  up  uf  fine  grains  of  <iiiart*,  not  comfKictefl  to- 
gether, hut  forminj;  a  loose,  incoherent  mass.  River  sands  and 
those  funned  hy  the  Atmospheric  ■  I  is  integration  »f  rocks  commonly 
have  angular  grains,  due  to  the  splitting  up  of  the  quartz  fragments 
along  pree.xisting  tlaw^,  though  desert  and  wind-hlown  sands  arc 
apt  to  be  fine-grained,  rounded  and  pitted  by  abrasion.  Beach 
sand  is  sumewhat  rounded,  due  to  the  constant  wash  of  the  surf. 

S«nd>ton«  is  a  nKk  of  varjing  degrees  of  hardness,  the  grains 
of  sand  being  held  logcihcr  by  a  cement.  The  most  important 
cementing  sulivtance-i  are  carbonate  rif  lime,  the  oxide.^  of  iron 
and  silica.  The  sandstones  with  calcareous  c«mcnt  usually  jield 
quickly  to  the  action  of  the  weather,  l>ccau«e  of  the  »oIubiltty  of 
the  cement.  Those  with  ferruginous  cement  arc  much  morr 
durable  and  more  highly  iidoured,  lieing  of  various  nhadci  of  ri-d, 
yellow,  and  brown.    Must  durable  of  ail  are  the  siliceous  cements. 

Varieties  of  sandstone  are  prodiKrcd  by  the  con.spicuoux  admix- 
ture of  iither  mineraU;  thus,  nnrarroui  sandstone  has  abundant, 
flakes  and  spangles  of  mica  deposited  along  the  planes  of  strati* 
fication.  Arf-Uhieeout  Mindxlone  is  c»m|>oscd  of  a  more  finely 
grained  sand  than  the  more  typical  sandstones,  contains  consider- 
able quantities  of  clay,  and  is,  in  genera),  more  thinly  l>ed<)ed. 
The  ilagsKKie*,  so  largely  used  for  pavements,  are  examples  of  such 
n  rock,  and  split  readily  into  slobs  of  almmt  any  de>irc<!  size. 

Arkose  is  a  wndstone  containing  considerable  quantities  of 
felspar  in  a  mechanically  subdivided  but  undcc«mposed  slate. 

Gravel  is  composed  of  rounded,  water-worn  pebbles,  varying 
Id  sixe  from  a  pin-ti«ad  up  to  cobblestones  and  boulders.    The 
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Unk  -nnr  orim  rallcti  ^hinglr.  dnvvi  mny  he  cuotposed 
ltii>d  oi  n>clt  nutcml,  bui  thv  cnmmuneM  pebble* 
u*  at  ^uuu,  bcnuM  nf  it>  greailcr  misloncc  to  ircar.  Mosses 
o(  qouu  will  be  only  nMindcil  mln  |icl>)>[n.  wltcti  other  subtunco 
«ic  Kmnd  into  fine  kill,  or  chcmkallj'  ijiiinlcgnted,  ind  to 

(nio  ikqKT  water. 

1>  a  remenrnl  Krnvc).  Oiffcrcni  nnmn  are  given 
H  coQgfotBcntc,  octitrdiiqc  lo  the  character  of  the  fBclitiln,  U 
fwrte  tmtjfpmtnU,  flint  tomflemeratt,  limnlimf  ton^omerate, 
fntmitf  (Mtglmmtntle,  etc. 


.iJlM^J. 


4\'9^ 


>.  ArgiUainta  Rarkt 


Mod.  —  Chyroulitoof  tu'ilinilr  nearly  alway*  with  Urye 
o(  other  ■utMonro,  such  as  exceedingly  fixw  (imlna  d 


THC 


farlM. 


•KirndtT 


ika  dKcoo- 


r 


•nw  Una  tfe 

ifjitttr  aad,  awly,  tat  dot  ahrav*.  dorfMr  i 

dif  b  fand  Mi  mr  dMacM  onHfitiow  (rf  fwilT.  JT^rfw, 
or  pmcAim  tUj,  m  aevij  par,  vbOe  PtOa'i  aad  flHIok  Cfa? 
ciMtnn  fiarijr  diridcd  qoutz,  uk)  tlie  httcr  ia  MfcHtkn,  fine,  oug- 
OMb,  iroo,  and  iilk»Bw     CUj%  wsh  cnoMkiifale  peraattife  of 

inm  bnni  id  mi  firing 

Fin-day  '»  a  ooxl)^  p«c  vuaan  at  saad  and  day,  wilb  oetf 
mum  '4  inm,  nufnnU,  or  lime,  and  Uxrefure  banu  tn  while 
«r  baff-cdlQaml  brickK,  wliidi  will  mitt  vtrj  U^  lanptnnires. 
Vbe-dayt  ouiu  (r«(tMMlf  benealh  coal  Mara,  itpnaaaiag  tbc 
siKienl  loil  in  which  tbc  coal  plants  grew.  Socfa  aadent  firt-dajq 
are  (Attn  bard  rodu.  and  ranu  be  ground  np  before  ashtf;. 

Mndiftioe  a  a  rudt  whicfa  ii  axDpond  at  solidified  cby  or  fds- 
palhic  mud,  or  a  nunure  of  the  iwo,  and  which  cTumbles  rapidhr 
inUt  mud  when  expmfl  to  the  action  of  the  wenth^r. 

Sbala  b  a  Andy  umiAcd  or  laminated  day  rodi,  formed  fmm 
the  Kitidificatirin  '4  mud  and  »tlt.  In  some  of  the  paper  shales 
Ibere  are  u  many  as  thirty  or  forty  laminv  to  the  inch,  eadi  reiire- 
■eniing  a  septtrate  xlagc  of  (lepn»iiion.  Shales  ordinarily  contain 
more  or  Ich  <iand,  and  as  thU  increases  in  c)uanlity,  they  shade 
liraclually  into  umaceous  shales  and  ar^Uacoous  undstoncs,  or 
hy  lite  increase  of  calcareous  matter  into  limestones.  Btiuminoia 
ihate  is  coloured  very  dail  or  black  by  the  carbonaceous  matter 
Willi  which  it  b  saturated.  \M>en  distilled,  the  bituminous  shales 
yield  li)ilr'>carbons,  and  are  of  considerable  economic  importance; 
the  cariwnaceouK  mailer  may  be  of  either  animal  or  vegetable 
orljtin.    Shales  of  thlii  class  grade  into  n>aU. 

Hari  ii  clay  containing  carbonate  of  lime,  which  rapidly  cnun- 
I  I'-*  on  exposure  to  (l>c  weather. 


CIlEHICAt  PRECIPITATES 


3.   CHEMICAL  PEKCIPITATES 


Rocks  which  have  \xcn  principallv  or  entirely  (onncd  by  chcm[< 
cal  pn>ceK.ses  Jirc,  for  Ibc  moat  part,  of  locally  rcstricied  exient,  and 
are  not  at  all  comparable  lo  the  great  masses  of  mechanical  and 
orguilc  .lediments.  Thi^  arises  from  the  fact  that  the  iliemical 
processes  occur  in  a  conspicuous  way  only  nniund  the  months  of 
certain  dasoes  of  sprini^s  (]>.  191},  and  in  dosed  bodies  of  water 
without  outlet  atid  subject  to  cvaponitton. 

The  chemical  precipitates  may  be  clas&ed  under  the  following 
heads:  c,  Precipitates  of  the  alkalies  and  alkaline  earths;  b,  sili- 
ceous precipitates;  e,  ferniginous  precipitates. 


a.   PrKipilakj  of  thf  Alkaiiea  and  Alkalitw  Ear  As 

Cftlcareotis  Tuht  or  Sinter, Travertine,  Stalactite,  Onyx  Harbles, 
are  all  form.t  of  <arl>onalc  nf  limo  de|iu>i[e<l  from  Holuticin,  <'ither 
around  the  vents  of  springs,  or  by  percolating  waters  in  limestone 
cavenvt.or  in  lakes  and  streams.  These  dqxxiiLs  are  made  of  cal- 
cite  (or  aragoniic),  are  oflcn  very  pure,  and  usually  white,  and  more 
or  less  translucent,  lltou^h  they  may  be  siaine<I  by  other  subittances 
dissolved  with  the  time.  In  structure  they  arc  banded  and  show 
riftf:s  of  tl'^wih,  which  distinguishes  them  from  the  organic  limfr' 
stones.  The  so-ralled  "  Mexican  <ynyx  "  or  "  onyx  marble  "  is  a 
beauiifuly  banded  travcnine  derived  from  ancient  spring  dqwiaJts. 

OAlhe  is  a  limestone  composnl  of  minute  f-phcrulcs  of  carbonate 
of  lime,  ceoeoted  into  a  more  or  tess  compact  ma.<ts,  somewhat 
resembling  fish-roe,  whence  is  derived  the  name,  meaning  "  egg 
rock."  The  spherules  arc  made  up  of  concentric  layent  of  car- 
bonate of  lime,  di-pociled  from  solution  aroun<l  some  nucleus,  it 
may  be  a  particle  of  sand  or  dust,  or  a  calcareous  fmgment.  The 
beach  rock  of  a  coral  nrf  (p.  364)  is  made  in  this  fashion,  and 
calcareous  sinter  often  has  a  similar  structure.  When  the  spheres 
are  larger,  reMmbling  peas  in  ahe  anil  »ha]ie,  the  rock  is  cnUcd 


GjpHnn  (CaSO,.iH,0)  is  deposited  Uom  MJuUon  in  xali  Ukcs 
and  lagiKjiw,  in  vbkh  c^-aptxralioo  bxianccs  the  influx  of  water 
(p.  114).  WbcD  pure,  gyp6um  is  white,  but  it  b  often  coloured 
giay,  lirovrn,  or  red,  by  irun  stains,  and  it  may  even  be  bbck. 
It  forms  compact,  crystalline,  cr  fibrous  beds,  looking  tike  lime- 
siune,  Ijut  much  Hufier  an<l  not  elTenetcing  with  acid;  portions 
of  ihc  beds  may  coDsist  of  transparent  sclcnile  cr)-stals.  The 
mineral  sometimes  occurs  in  the  form  of  anhydrite  (CaSO*),  but 
it  is  not  known  under  what  conditions  the  anhydrous  sulphate 
lias  been  depfsiieH  from  solution. 


mo.  147.—  fleoc  of  lun<lcil  iranemnc  poiUhed,  Dalumt  lUe 


4 


Rock  Salt  (NaO)  is  precipitated  by  evaporation  from  the  demte 
brine  ii(  vail  lakes  and  lagoons,  following  the  dqioi^ition  of  gypsum, 
which  c.tplains  ihc  very  common  association  of  the  two  rocks  in 
guoccKtive  tieds.  Tlie  icalt  may  be  present  only  as  an  in^iredient  of 
shale  (saline  shale),  or  may  form  thin  layers,  mdiVating  brief  periods 
of  depiwiii<)n,  followed  by  freshening  of  the  water.  Again,  it  may 
in  enormously  thick  masses,  the  result  of  long-continued 
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lliaa.  On<r  such  nuu,  near  Berlin,  exceeds  4000  feel  in 
Rock  tall  n  (iI[L-n  very  \>urc,  un<l  then  il  u  inas\Mntit 
•ad  mlnurktt;  but  jt  b  fmiurnily  »t.-tincd  by  iroa,  or  mingled 
with  dmt  blown  inui  the  lake  or  la(p>un  i*  hicli  <k|iunilcd  the  Mil, 

Kwith  cUy  and  other  nwcluDkiil  snliment^. 
I 
: 


b.  SaUtMu  Pfttifitala 


art  much  less  vommun  ami  rximsive  ibui  i)ie  cnlcnreniu, 
Afe  fiwncd  UDiier  cxiepiiunal  cundiiions. 
(kyuriw.  cr  aOkeout  Sinter,  b  dciMwitefl  in  deiue  and  hard 
■HKs  MMxnd  ih**  moulhs  i>f  geysm,  partly  by  the  evB|>oraiion 
fldtt  wftltr  whici)  hold*  ihc  .lilita  in  ."utuiion,  and  y*n\y  by  ihe 
•cbaa  n(  Algv  (we  p.  iqi)-  L^rge  tcmcrs  uf  ihis  ruck  hat-c 
hm  bttBt  up  by  tbe  )ie>'«er»  of  ilic  Vellowstiwe  Parlt.  Gcyserite 
iho  occvn  M  an  un>:i)m|uKle<l  wliite  [londer. 

Chtft  (TUot  of  Homstonc)  Umm  eiretdinf-ly  dense  and  fine- 
patacd  OMMO,  which  the  mitmuuiir  >hc)U*i>  lo  tic  nude  Up  of 
wf  mlmatt  KTitiM  o(  cbtltnluny  mixeil  wtih  mi>rc  <;r  Imi  amor- 
(koi  iQka  anl  cr^iUta  of  qiurlx.  The  mode  of  oii^n  of  ihcM 
■■IB  l»  ant  at  all  well  undeislom),  bul  is  believed  to  be  by 
(mm  >ca-waier. 

c  Ftrrmgin&its  Praipitakt 

amt  l^k*  \ma  Ore  re*uli«  frnm  the  o\iiln(ton  and  cnn*r- 
prrri|>itiliun  uf  imo  lircubliiig  in  Miluijcn  in  the  soluble 
buMB  coodllinn.  The  rtqioUti  often  have  a  cottcntionary  »true- 
m,  not  uacomnonly  bcnxning  oBlitic,  oikI  cftmfst  of  impure 
Inaalte,  tmartfana  nlnRkd  with  sMerite. 

y    ORaVHC  ACXniUULATTOWS 

TW  ncRUUOiIly  fomcri  lOck*  are  those  <«hii«e  materials  wi 
Konnlued  hj  Hvinit  banip,  on  thr  deitih  •>[  which  nutre  or  low 
(4  their  oubaUtKv  wu  pfocnvd.  added  lo  by  wccoutv  genera- 
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lione,  wad  fiivlljr  nmpactcd  rnto  rock.  In  pncediog  clMpun 
we  hftiv  nad  of  Ihoe  pfwcsscs  as  foufi  on  st  the  proent  dux, 
ia  pest  bogi,  in  tbe  conU  reefs,  sfaell*fa«okK,  BMcstam  pltlcws, 
sad  orgwuc  ooees  of  tbe  ocean.  SunOar  latujuaut  have  been 
at  work  tn  >□  the  reconkd  ag»  of  the  earlii'i'  hstiHT'  since  the 
fim  appcanmcc  of  liring  things,  and  vay  menaTe  nxks  baie 
(hu*  been  buQl  iiuo  ibe  solid  cru.it  tA  tbe  f^obe.  An  enct 
duBJAcatimi  would  require  as  to  pUce  cenaio  of  these  rocks 
amoDf!  the  mechanka]  sediments,  because  the  actual  work  of 
accumulation  wu  pcffonned  bjr  mechanical  agencies,  such  as 
wares  and  currents.  But  it  will  be  nore  conrcnient  to  examine 
together  all  those  rocks  whicb  arc  |>rindpally  made  up  of  organic 
materials,  especially  as  it  b  not  always  ca^y  to  dklinguish  the 
results  of  one  mode  of  formation  from  ilxne  of  the  oiher. 


a.  Caleartma  Aceumtilalions  . 

limestone  is  a.  vrr>-  abundant,  imporlanl,  and  widely  distributed 
rocli,  tbe  commonest  of  the  organic  accumulations.  It  is  com* 
posed  of  rarbunaie  of  lime  In  tar^'ing  degrees  tif  purity,  hardness, 
fineness  of  grain,  and  cr>-5tallinc  texture.  Sand  or  clay  is  fre- 
quentiy  present  a.i  an  impurity,  and  by  an  increa.ie  in  tbete  mate- 
rials, the  limeitoocs  pass  graduslly  into  sandstones  and  shales. 
In  some  varieties  of  limestone  the  or^nic  nature  of  the  rock  is 
most  obvious,  xhclk,  corals,  crinoid  steins,  and  the  like  being  con* 
spicuously  shown,  <specially  on  neatbcrcd  surfaces.  Tn  other 
kinds  the  microscope  b  required  to  make  this  organic  nature 
clear;  while  in  others,  igain,  the  calcareous  materiak  have  l>e«n  so 
^>un<j  up  by  tiR'  action  of  llie  wai'es.  or  so  completely  modified 
by  crj'stallization,  that  all  traces  of  organic  structure  have  disap- 
peared. The  example  of  tlie  reef  mck  now  fonnii^  in  many  coral 
reefs  (p.  364)  is  a  warning  that  the  absence  of  e\en  mlcniccopic 
structure  in  a  limestone  canniit  be  relied  ujwn  as  a  proof  tbal  the 
rock  is  not  of  organic  origin. 

Tile  great  limestones  arc  almost  entirely  of  marine  origin,  though 
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:]titt€  extensive  Frcsh-watcr  Hmtstoncs  ktc  known.  The  chfinicall)' 
furmed  ones  are  never  ver)-  widely  cxlenclcd,  tliouf;))  they  may 
form  quite  thick  mosses.  As  a  rule,  the  )imcsInnR«  are  deposited 
in  deeper  water  than  ihc  sandstones  and  shales,  but  not  necessarily 
so,  frecdum  from  bige  iimounlx  i>f  terrigenous  sediments  being 
more  important  than  depth  of  water.  This  is  shown  by  the  great 
calcareous  banks  <.t{  the  GuU  «(  Mexin>  and  the  Caribbciin  Sol 
(f-  3S9)>^»d  cotal  reefs  arc  always  formed  in  water  of  less  than 
Iwnity  fallioms  in  dqilh. 

The  class iticalion  of  the  limestones  is  vcf>'  difficult,  and  cannot 
l>c  readily  made  on  any  single  principle;  mode  of  formaiion, 
purity,  texture,  and  nature  of  organic  material,  all  being  employed 
for  the  piir^wsc. 

Sbelt  Hail  is  an  incoherent  and  crumbling  rock,  ftirmcd  prin- 
cipally at  tlic  bottom  of  fresh-water  lakes  and  ponds,  by  the 
accurouUtiun  of  shells;  it  frequently  occurs  beneath  |ieat  bogs, 
and  is  an  indication  that  the  bog  arose  from  the  choking  up  of  a 
lake  by  vegetable  growth,  When  the  lilidl*  are  cemented  into 
a  hard  rock  tlity  form  ti /rfjii-u-oifT  iimaloHr. 

Cbatk  is  a  soft  limestone  of  friable,  earthy  texture,  and  fre- 
quently very  pure;  in  colour  it  may  be  snowy  white,  pale  gray,  or 
buff.  The  microficope  reveals 
the  fact  thai  chalk  i.*  principally 
composed  of  lite  shells  of  Fora- 
mintfera,  and  closely  rcseniblts 
the  foraminifcrsl  o»xe«  forming 
to-day  at  the  bottom  of  the  sea 
(p.  J70).  A  chalky  deposit  m  ly, 
however,  be  formed  from  the 
dtSms  of  corals  gruutxl  up  by 
Ihe  waves. 

Tbe  ortliiiary  maKstve  marine 
limestones  arc  named  fnm  the 
character  of  the  organic  mate- 
ria] which   predominates  in  tliem.    Thus,  we  have  cimii  /ime 


FKi.  I48.  ~  Ch*lk  from  KniiMt  x  4$. 
(Dnion  from  a  phntajcnipb  \>J  lite 
GooJoeiail  Surrey  of  Iowa) 
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stottt,  /oramini/eTttI  Umtatane,  made  up  of  ibe  HfaeUs  of  very  Ituip 
ndiOLl  forms  of  the  (^annninifcca  {FusuLina,  NummulitcE,  Orbilo- 
lito,  dr.),  crhufitlitl  timestone,  Jidl  Umetlenr.  and  (lie  like. 

Tbough  muih  ihc  lucgvr  pan  »( th<-  limcsumcs  u  ai  animal  origin, 
yet  cKftain  Mawceds  coniribuie  enensivety  (o  Uk  funnatioD  of  these 
rocks,  and  Ihnc  is  miuh  nsi*<>n  to  Iwlievc;  that  cbcnical  prcdpiu- 
tlua  ifl  iif  KTcalvr  or  less  imponani:c  in  DoU'ly  all  varietks  uE  the 
rock.  Many  of  the  mutsire  liroeHtoms,  whirh  show  bllle  or  no 
«»irn  of  disturbance,  arc  quiu  complticly  crysulIiDe,  due  to  ihc 
Aclioo  of  iralCT  upun  ihem.  Calcite  rern>?>talli»9>  wild  the  gmtol 
oue,  and  the  interior  of  comltnasscs,  which  arc  still  alive  on  the 
outxidet  nuy  be  »u  cryMolIized  a»  to  obliieraic  all  traces  of  their 
orlfdna]  structure. 

Dolomite,  or  Ibcnesian  limeatooe,  a  a  compact,  granular  rock 
of  while,  gray,  or  ydlon  colour,  compose*!  of  the  carbonates  o{ 
lime  and  miigneNia.  Nearly  all  liracttonen  cuniain  .-uitne  carbonate 
of  maf^nesia,  but  the  name  dolomite  is  given  only  to  those  with  a 
considerable  percentajce  of  that  subeitance  (5  to  30%).  How  far 
tbb  rock  is  made  up  nf  the  miiKnl  dotomile,  and  faou'  far  it  b 
merely  a  reinure  of  tbe  two  carbonates,  is  uncertain,  as  is  also  the 
way  in  which  the  rock  was  formed.  Dolomite  contains  a  much 
larxer  proportion  of  magnesia  than  the  shells  or  tests  of  any  known 
animals  arwl  ihLi  ingredient  mtcl  therefore  ha»-e  been  added  after 
tbe  accumulation  of  the  calcareous  oiganiiims.  Opinions  differ  as 
to  just  bow  then  han  been  atTompli^hcd,  but  pmbably  the  magnesia 
has  been  derived  from  the  strong  brine  of  lagoons  and  salt  bkci. 
Thr  frequent  avMx  talion  of  dolomite  with  gypitum  gi^-e?  additional 
probability  to  this  view.  A  similar  process  has  been  obscn-ed  in 
the  lagoont  of  curiil  reef:'  at  the  present  lime  (p.  366),  and  it  ha» 
Ifccn  shown  that  dolomitization  takes  place  much  more  readily 
when  the  CaCOs  h  in  the  form  of  aragonite,  as  i»  tlte  rase  in  the 
*hfIU  and  tc^ts  of  many  marine  animals. 

Green  Sand  i.'4  n<>(  .ttrirtly  a  cahart'ous  <lq>osit,  bul  has  a  natursl 
nection  with  that  series  of  rocks.  Green  sand  is  seen  by  the 
:)j>c  lobe  largely  composed  of  internal  casts  of  foraminifcral 


^jgnnectn 
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iUfi  in  the  mineral  Rlauconitc  (p.  19).    The  dead  foramintferal 

sheik  which  lie  \ipan  kertain  jims  iif  the  ticeiin  tloar  lire  graduiilly 

tilled  up  with  ginucunitc,  and  then  the  shells  arc  di:tsolved.  leaving 

^bc  f^ains  of  the  tnJncral,  which  retain  ihc  form  into  which  Ihey 

^U(.  moulded.    This  process  is  still  going  on,  and  has  been  ob- 

aerred  at  several  poinLt  (p.  169}.     Glauconile  also  forms  un  the 

l-floor  in  nod ules,  quite  indqiendcnilj  of  f»raiDiniferal  shells. 


^M-Ooor 


b.   SUkt^us  Aceumulations 


The  siliceous  deposits  of  organic  origin  are  vct>-  much  less  com- 
mon and  le«^  extewJvely  develojied  than  ihe  calcareous,  because 
of  the  relatively  small  amount  of  silica  which  is  in  solution  in 
ordinary  waters,  and  of  the  comjiarativdy  few  orKanism»  which 
secrrtc  shells  or  te:it5  of  It.  Nvvurthelcss,  these  beds  are  of  suf- 
ficient importance  to  retjutre  mention. 

Infusorial  Earth  i*  a  fine  white  [lower  composed  of  the  micro- 
scopic tests,  or  frustults  of  the  minute  plants  called  diatoms.  The 
finencs*  and  excessive  hardness  of  the  panicles  make  this  an 
excdlcnt  polishinf;  powder.  Beds  of  this  earth  occur  in  both 
marine  and  (renh-water  deposits.  At  Richmond,  Virginia,  is  a 
oetebralcd  deposit  of  this  kind. 

Siliceous  Oozes  are  exceedingly  rare  as  rocks  of  the  land;  they 

consist  of  the  tmts  of  Kadiiilaria,  such  ub  are  now  accumulating 

in  the  deeper  pans  of  the  ocean  (p.  173).    The  only  land  areas 

in  which  such  deposits  have  been  found  occur  in  certain  of  the 

West  Indian  IsUn<ls  (Burbadoei.  Cuba,  anil  others). 

^HUBt  or  Clwft  occurs  in  nodules  or  beds,  especially  in  marine 

n&ieslones,  though  it  is  also  found  among  Ihe  sands  and  claj^  of 

certain   freshwater   formations,  as   in   Wyoming.    Microscopic 

^■uninaliofl  sometimes  reveals  the  presence  of  sponge  spicules 

^fed  other  siliceous  organisms,  but  this  is  by  no  means  alwa>^  the 

ease.    Ax  we  have  seen,  the  itrutturcless  chcits  are  believed  to 

have  been  formed  by  chemical  precipitation. 


g,  ftmnfmtm 


mwMnw  »»  i4  MmaB  tmttt  aad  if  rtliBrr,  btf  ocstUB  of  At 
IhwiMte  ai^  AlfiR.wbfehciinKiilKtfuiEnMiittABotvedsuie. 


rf,  CarbttMCCMU  AtxitiHidaliom 

f'rti*  f"<ka  'if  ibi*  xroup  an  frinncd,  alrooil  mtirdr,  Ity  tbc 
nn  itirtitliiliif  I  >4  *vi|ciatik  muter  iml  iu  progmrire,  tboqgh  in> 
ririfiitlri*,  tlw  ay  umln-  waier,    Thb  deay  b  i  f  lucb  a  nature  thai 

I|m>  kkmiiim  I'MMlilutiiiii  diminbh,  while  ibe  outMm  is  removnl 
mtNli  In*  ni|il(lly,  rwkMxjuvnily  iIk  preportivn  of  the  latter  sub- 
nlMiM >  «|i>u'lily  iIm».  All  the  viirictlen  of  <::arlMinaceic>us  kkIck  |iius 
JIlNi  imp  aiHflhM'  Mi  Kn'ltially,  thai  the  clistinciion  between  them 
Mwtnti  MimcwlMl  AfliltrHry.  l-'rr)tn  fmh  and  unchanged  vefielable 
liutllri  Id  iIh'  titirih-*!  miihturite  there  a  tin  unbroki-n  series  of 
Iriihitlllitm. 

Pial  U  a  imrllnlly  inrlHiiiizril  mum  nf  vegelubk  mnlter,  brown 
iir  hlHtk  III  Hilmir  itiul  Khnnjnx  i\h  vcRcUhlc  nature  on  the  tnosl 
K(i|H'fni  Ul  i^aamltiiiilun,  thotiKli  i^ie  (iiirtit  whlth  li.tvc  been  longest 
limiiTrtlril  ure  udeii  n>  himu'iieneoUA  and  ■»  fine  grained  as  clay, 
Mini  mu'iil  llu'lr  irue  tiniurf  only  under  ihe  micTatcofie. 

Uxnllt  t'f  Brown  Coal  If  «  bmwn  or  black  ma.<«  of  mineralized 
and  Mtm|ifi<w«H|  |icAI,  and  ihouich  Mill  plainly  showing  iti.  ve]|>etab1e 
kaImip.  It  d*!**  Ml  )nu  tihtiouKly  Ihan  |>ent,  being  more  carbonized. 
Il  \*  All  lofrik'i  liirl,  lhiiu)|h  often  \-cry  valuable  in  regions  wlicre 
»Hhct  (wfl  U  Mane  ot  eniirfly  wanting. 

Gettl  U  a  titin|i«ct,  dark  brown  «f  Mack  rock,  in  which  ^-egetable 
Mlttmiri'  innnot  l>e  delnird  by  the  unaK$)»ie«l  e«,  though  mim>- 
•vM|ik  liu)<e\  iMMi  drlih'ni  I«ib  to  rvsxal  it.  Ci^l  is  found  in  beds  or 
*tt«W,  ItMrolKKlitWd  vfth  !iikdt«,  nntl»tune».  atKl.  kss catnmoolr, 

i,sK-»««.    ItwiHffiffvntkbKbofojalvaiYmucliiDlMudMssuKi 
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cbcmical  compmitii'in,  but  they  ure  all  ronncclcd  by  iRtenncdiitc 
gradaliotis.  BUuminoui  Coal  hat  {ncKleciinf;  the  uh)  70  to  75  % 
of  carbon  vhJ  35  (■>  30  %  ul  volatile  miiticn,  chiefly  hydrrKarbrxu, 
irhkh  arc  driven  o0  on  destrtKiivc  dtsUllaliun.  Under  the  icnn 
hUumiHout  ore  included  many  rarieiiea  of  coul,  which  difTcr 
much  in  ihdr  bchat-iour  ami  in  their  \-alue  for  diffrreni  purpose*. 
Anlhracite  i*  a  hard,  liatroun  coal,  thai  i»  nearly  pure  (Urbon 
(ftsidff  from  the  ii»h)  nnd  ha»  little  or  w>  voUlile  matter;  jt  bums 
without  Ainoke  or  flame  and  ipvcs  an  intcnu  heat.  SetHibiiumi- 
nous  or  Steam  Coal  i»  intermediate  in  character  and  com|(ofi^iun 
bMweeo  the  bituminous  and  anihracite  varieties. 

Cannti  Cool  <lues  not  l>el(>ng  in  the  nerio  of  coals  above  enu- 
iDcraied,  but  forms  a  very  di^itinct  variety.  It  occun  in  lenticular 
patches,  not  in  txidii,  and  U  very  compact,  though  not  vTry  hard  or 
heavy.  This  coal  has  from  70  (o  Sj  %  of  carbon  and  the  high  pro> 
portion  of  6  to  7  %  of  hydroffcn,  giving;  off  large  ciuiinlilies  of  gas 
when  healed,  and  burning  with  a  white,  candle-like  flame.  Even 
with  the  microscope,  it  is  difficult  to  detect  the  vcgeiable  structure  of 
cannel,  ko  ihonuighty  hiu  the  nuilerial  been  macerated.  ICvidently, 
caonel  is  «n  exceptional  coal  and  has  been  formed  En  a  Jtomewhat 
peculiar  way.  While  the  onlinary  ciial)i  evidently  represent  ancient 
peat  bogs,  which  by  subsidence  allowed  the  sea,  or  other  l)o<]y  of 
water,  to  overOow  them  at>d  were  ihut  Mealed  up  and  buried  under 
sedimentary  deposits,  cannel  was  formed  in  pools  of  dear  water, 
in  which  vegetable  matter  wa.s  accumulaleicj  and  very  completely 
disiniegraieil.  This  i»  shown  not  only  by  the  shape  of  the  coal 
patches,  but  also  by  the  fossil  fish  not  Infrequently  founil  in  cannel. 

The  following  taMe  (from  Kemp)  displa}-s  the  composition  of 
tbe  l)pical  varieties  of  coal,  not  including  iIm>  a^:  — 

c.  H.  o.  N. 

Wood 50  6  43  » 

Pe«' »  A  iJ  » 

Lip""* 6«.  S'S  »S  *■* 

BJiamlooos  Coal S*  5  13  0.8 

Anifcttdle  95  ».S  j.j  irace 


THE  SdrtMEXTAKT  MOUiS 


Mbijiaua  ra)aira  ibml  bnd  mtnttiaa  at  tfam  be  made,  tfaou^ 
Agy  can  hxnJlv  b«  nmcidocd  «UmH»ni  ■*  rm^s.  The  oKtml 
h}>drocafi*oas  fi<r  ibc  fanb '£  cTtisi  bclot^  princ^MOf  to  tbe  mctbuK 
whb  ibc  geotnl  (uniiuk  CJV.r    The  most  abondut 


^ 


are  mordi  gas  {CH«),  pttreUum,  a  mixture  of  toenJ  li]rdrocmrt>oat, 
«Hikb  arc  liquid  at  otdiauy  unqtenutns,  and  atfi^,  which  b 
coUd  or  cxtmody  riscotis,  and  nsolts  from  the  oiidatioa  of 

bydmcarboiu.  The  liydrcxarlxMBinifir^;naie  porous  or  shatiend 
ncki,  whkb  they  have  tnvadcd  from  below,  uad  «e  froqtKOtt)r 
reuinc'l  utvler  ;n»  prevurc  by  u>«rlyinf;  impervious  beds.  Sua- 
ral  gas  and  pctrokum  lend  to  mllect  in  the  upmrd  arehtt  (anti- 
cUna)  of  folded  beds,  and  when  thes«  rcwn-oin  are  tapped  by  the 
drill,  the  o3  and  gas  rise  in  spoaluig  wdls  which  may  continue  to  i 
flow  (or  many  yean.  | 

While  cenain  eminent  chemists  have  maintained  ihc  inorganic 
origin  of  ibe  hydrucarlxmx,  iberc  U  nu  eddence  ttial  ihey  arttnlly 
were  formed  in  this  way,  and  nearly  all  geologists  arc  agreed  (hal 
they  have  been  derived  from  the  bity  and  oily  pans  of  organic 
M'cuinu  la  lions,  both  animal  and  vegetable,  at  high  temperaturea 
and  prcaauKS.  Thai  such  a  mode  of  generation  is  at  least  posaible 
hai  been  dcfnonHlrain)  rxptrimcntally,  und  the  geological  mode 
of  occurrence  of  these  hydrocarbon*  rcndcra  the  h>'pothesis  of  (heir 
derivation  fmm  orgiinic  sulisuncet  cxtrenKty  jiroliablc.  Petro- 
leum is  fiiund  in  roclcs  of  a  ver^'  wide  range  in  geological  time,  and 
IIk  various  oil-fieldi  of  the  United  Staler  are  of  t-er)*  different  geo- 
logical dales.  ^H 

Asphalt  u  found  in  beds  inlerslralified  with  ordinar)'  sediment^' 
or  in  cavities  iind  Itsstircs  of  the  rocks,  or  impregnating  porous  lime- 
stones and  sandstones. 


It.  JPxtUAs  Rocks 


d 


The  rocks  formed  on  dry  land  form  less  of  the  earth's  crust 
do  the  aqueoUK  rocks,  but  they  have  a  special  importance 
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b«caujw  of  the  hints  which  they  often  Riv*  as  lo  the  phy&ical  geog- 
raphy iif  th«  plate  and  linie  of  their  form.iitun. 

Blowa  Suid  is  heaped  up  by  (he  wind  into  dunes,  and  displaj-s 
4in  irregular  kind  of  siratificaiion.  The  sand-grains,  abnuied  by 
their  contact  with  hurd  substances,  arc  smaller,  more  rounded, 
and  less  angular  iban  (he  grains  of  river  or  even  beach  sands. 

Drift-umd  Rock  {ubo  called  ffolian  rock)  is  the  consolidated 
sand  of  dunes.  If  the  sand  contains  any  consideralile  rjuuntiiy 
of  cakucous  mutter,  the  solution  and  redcpcKiitiim  nf  this  by  per- 
colating waters  binds  (he  sand  into  quite  a  firm  rock.  The  cal- 
careuux  Mnds  of  Bermudu  givtr  an  often  quoted  example  of  this. 

Tatas  gathers  at  the  foot  of  cliffs  in  large  masses,  and  in  many 
deserts  it  forms  great  sheets. 

Br«cci«  is  a  rock  composed  of  angular  fragments  cemented  by 
dcpiBition  of  miKcrinl,  commotdy  CaCO,,  in  the  intentices;  the 
fragmcn(s  may  be  any  kind  of  rock.  Breccia  is  also  found  in  Eones 
of  fracturing  and  ^haltering  of  the  rocks  along  fault -jilanes, 
and  is  then  called  a  fonlt-brcttia. 

Soil  —  In  Chap(er  IV  it  wati  shown  that  ixA\  Li  mainly  the 
residual  product  left  by  the  atmospheric  decay  of  rocks,  and  that 
its  suriate  layent  contain  more  or  less  organic  matter  and  arc  fdled 
with  the  roots  of  plants.  Soils  may  \k  buried  under  aqueous 
ilepositK  by  floods,  or  after  subsidence  marine  deposits  may  be 
built  up  upon  the  loils,  whirh  are  then  interslnitified  wilh  marine 
rocks.  Ancient  xnl;  liave  l>ecn  ficqucnii)-  preserved  in  ihi.!.  manner, 
filled  with  fossil  roots,  and  sometimes  with  the  .ilumps  of  trees  still 
standing  u])on  them. 

IrOiw.  —  A  very  fine  grained  terrestrial  deposit,  usually  unstrali< 
&ed  and  with  a  vertical  cleas-age.  It  is  quilc  Grm  and  may  even 
become  hard  and  stony  {ux  p.  190). 

In  logical  order,  the  Mclamorphic  Kocks  would  next  come  up 
for  consideration;  but  since  we  have,  a*  yet,  learned  ni)thing  of 
the  pTOce«(e»  by  which  these  rocks  arc  formed,  it  will  be  best  to 
defer  the  study  of  tblt  cLiv*  lo  a  future  chapter,  when  the  rocks 
and  their  mode  of  formation  will  be  examined  together. 


CHAPTER   Xn 
THE  STRUCTURE  OF  ROCK  MASSES-  STRATIFIED  ROCKS 

In  the  preceding  chapter  vc  have  studied  the  rocks  which  make 
ap  ibc  CTUil  uf  tiK  earth,  so  tar  as  that  a.  accessible  to  ohAcn-ation. 
Il  remains  for  us  to  iaquire  how  these  rocks  an:  arranged  on  a 
Lirgc  xcule,  and  to  what  displacement!!  and  <Ii&location>v  they  hate 
been  subjected  since  the  time  of  their  formation.  Examined  nith 
reference  to  Ihe  sim^est  and  broadest  fads  of  structure,  we  find 
that  rock  mas«*»  fall  int<»  twro  c.itcgories:  (i)  Slnilifird  Korts,  and 
(a)  Vmlratified  or  Massive  Rocks.  A  very  brief  ciiamination  will 
show  UK  that  theM  two  categories  correspond  K»peclivcly  to  the 
<tedimenur>-  and  igneous  divisions  of  the  classification  according  to 
mode  of  orif^in,  nf^leriini;,  for  the  jiresent,  the  m<;tamorj)hic  claw. 

We  shall  begin  our  study  of  ruck  masses  with  Ihe  stratified 
series,  because  their  structure  and  mode  of  occurrem-c  are,  on  the 
whole,  the  simplest  and  must  intelligible,  and  (ell  thi-ir  own  story. 
The  uRStradficd  series,  on  the  other  hand,  can  be  understood  only 
by  determining  ihcir  relation  to  the  former. 

The  stratified  rocks  form  more  than  nine-tenths  of  the  earth's 
surface,  and  if  the  entire  series  of  them  were  present  at  any  one 
place,  they  would  have  a  maximum  thickness  of  about  thirty  mileN, 
but  no  such  place  15  known.  TTic  regions  of  greatest  scdimcntaiy 
accumulation  are  the  shallower  parts  of  the  oceans,  while  those 
regions  which  have  remained  as  dry  land,  thnmgh  long  ages,  may 
Rot  only  have  had  no  important  additions  to  their  surfaces,  but 
have  lost  iramen.4e  thk:kne.t9.es  of  rock  through  denudation.  The 
j[;cat  oceanic  nb)-sscs  are  also  areas  of  excessively  slow  sedimen- 

don,  and  thus  the  thickness  of  the  stratified  rocks  varies  much 
point  to  point,  a  variation  which  has  been  increased  by  the 
318 


STRATIFICATION 


319 


tncKnlarilies  of  upheaval  arul  (Ie)>ret.'iion  and  of  different  rates  of 
denodation.  Even  with  (his  irrcgiilurity  in  the  fonnation  and  re- 
moval ot  the  stnttified  nickii,  it  would  he  exceedingly  difficult,  if 
not  impossible,  to  investigate  the  entire  M;rie»  of  them,  if  (hey  had 
all  retained  the  or^nal  borizonial  positions  in  which  (hey  were 
first  laid  down.  In  many  places,  however,  tlie  rtnlw  have  l»ceii 
steeply  ifl(ed  and  then  truncated  by  erosion,  so  ihat  their  rdgei 
form  the  »urfacc  <>f  llie  grtiund,  an<l  thus  )[,Kat  thicknesses  of  (hem 
may  be  examined  without  descending  below  the  surface. 

Stntificatioa,  or  division  into  layers,  i:i  the  mo*!  per»islnit  aiiJ 
ntcu^icuous  characteristic  of  the  sedimentary  rocks.  In  studying 
ibc  sediraenlary  4le})i>iiis  of  the  present  (by  (Chapter  VI!)  we 
learned  that  by  the  sorting  power  of  water  and  wind,  heterogeneous 
material  is  arranged  into  more  or  le»  homogeneous  \Ktif,  sqiurated 
from  one  another  by  duttnct  planes  of  division,  and  the  same  thing 
is  true  of  the  setJitnentury  rocks  of  all  ages.  This  divi.iion  into 
more  or  less  parallel  layers  is  called  stralifiatlion.  and  the  extent 
to  which  the  division  is  carried  varies  according  to  circumsla  rices. 

A  single  member,  or  bed.  of  a  stratified  rock,  whether  Ihick  or 
thin,  a  ealled  a  layer,  tlutugh  for  purposes  of  distintlJon,  exces- 
sively Ihin  layers  are  called  lamina.  Each  layer  or  lamina  repre- 
sents an  unintemipled  deposition  of  material,  while  the  tlivisions 
between  them,  or  bedding  planes,  arc  due  to  longer  or  shorter 
pauj«ainthcprocess,ortoaiIi3iiKC,if  iinlyina  film.of  the  material 
deposited.  A  dratum  is  (he  collection  of  layers  of  the  same  mineral 
aub»lance,  which  occur  together  and  may  nm.iul  of  one  or  many 
byers.  Howeier,  the  term  is  not  always  employed  in  just  this 
sense  and  often  means  the  same  as  layer.  The  paxssf^  from  one 
stralum  lo  aiwther  is  generally  abrupt  and  indicates  a  change  in 
Ibc  circumstances  of  deposition,  either  in  the  depth  of  water,  or 
in  tl»c  character  of  the  material  brought  to  a  given  spot,  or  in 
both.  So  long  as  conditions  remain  the  same,  the  same  kind  of 
material  will  accumulate  over  a  given  area,  an<l  thu.<  immen!«  tliick- 
IKSMS  of  similar  material  may  be  formed.  To  keep  up  such 
equality  of  conditions,  the  depth  of  water  must  remain  consiant, 
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and  bence  the  bolioia  anal  subside  as  rapidly  u  tfac  sedkncut 

accumulates. 

U»uully,  11  secimn  of  Ihiclt  nxk  ma**r-s  shows  continual  change 

of  material  at  difftrvnt  levels.    Figure  149  is  a  section  of  the  rucks 

in  Beaver  County,  Peiinvjlvania,  in  irhkh  sc^-eml  different  kinds  of 

beds  rcpslcT  the  changes  in  the  ph)'sical  geography  of  that  area. 

At  lite  bottom  of  tfac  secttun  i»  a  coal  ^eiim  (Nu.  i),  tlic  con- 
solidated and  carbonized  vegetable  mailer 
which  a(vumuLi[e<l  in  an  ancient  fresh- 
water swamp.  Nest  came  a  subsidence  of 
tlie  swump,  allowing  water  to  flow  tn^  in 
which  were  laid  down  mixed  sands  &nd 
gravels  (No.  a).  The  accumulations  c\-cn- 
lually  shoaled  the  water  and  enabled  a 
second  peat  swamp  l»  establish  itself;  litis 
b  registered  in  the  second  coal  bed  (No. 
3},  the  lliinnns  of  which  indicates  that  the 
second  swamp  did  not  last  so  long  a&  the 
first.  Renewed  subsidence  again  flooded 
the  bog,  as  is  shown  by  the  stratum  of 
shule  (No.  4)  which  n\-orlie»  the  second 
coal  bed.  NeM.  the  water  was  shoaled  by 
an  upheaval,  and  argtilat'euus  jands  were 

rui.  IV,. ---■^■^i""-  in  coal  laid  down,  which  now  form  the  flagg}- sand- 
■nrniirts  t4  i>«icni  Mone»  (No.  5)  overlving  the  shale.  The 
r«.n.,.™u.  (Whi.c>  ,^.^jy.fi,.^  f^,    ^f  -^.^oot,  aided    by 

continued  slow  rise,  silted  up  the  water  and  allowed  a  third 
peat  bojt  to  pow,  the  result  of  which  is  the  third  coal  scam  (No. 
6),  while  a  repetition  of  the  sulisidcnce  once  more  bmughi  in 
the  water,  in  which  were  laid  down  tlte  seventy  feet  of  gravel  at  the 
top  ol  the  section.  In  ihb  fashion  the  succcssinn  <>{  »lrata  records 
the  changes  which  were  in  progress  while  those  strata  were  forming. 
Whether  the  beds,  other  than  the  coat  scnms,  were  lai<l  down  in 
'■xsh  water,  or  in  sah.  by  a  lake,  a  flooded  river,  or  the  sea.  may  be 
irmine<l  from  the  fcosils  contained  in  these  beds.     In  the 
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al»cnc«  of  fossils  it  is  not  aivayt  possible  in  make  ihe  A'a- 
itDClion. 

Somewhat  similar  changes  in  the  iitrala  may  be  ncciiisioncd  by 
Ibc  steady  lnwcring  of  a  laii<l  surface  through  denudation.  This 
diminishes  the  velocity  of  th«r  streams,  which,  in  its  lurn,  changes 
(he  character  of  th*  materials  ivhich  the  rivers  bring  to  the  sea. 

We  have  no  Irustworihy  meun.t  of  judKiiif;;  how  long  ii  time  vras 
required  for  the  formation  of  any  given  stratum  or  scries  of  strata, 
but  it  is  clear  thai  ditTereiit  kinds  of  beds  accuniulule  at  very 
diETerent  rates.  The  coarser  materials,  like  conglomerates  and 
undslones,  were  ]iil«d  u)>  much  more  rapidly  than  the  shales  and 
hiudtoncs;  so  that  equal  thicknesses  of  different  kinds  of  strata 
imply  great  diSerences  in  the  time  required  to  form  them.  Com- 
paring like  strata  with  like,  wc  may  $;ty  that  the  thickness  of  b 
KToup  of  roclcs  is  a  rough  measure  of  the  lime  involved  in  ibeir 
(ormaljon,  an<t  that  very  thick  masses  iinj)ly  a  v^ty  long  la{i»e  of 
time,  but  wc  cannot  infer  the  number  of  }-r3rB  or  centuries  or 
ail  lien  ni;i  required. 

Geological  chronology  can  l>c  relati^'c  only.  Such  a  rdaltvc 
chronology  b  given  in  the  section  that  we  have  examined  by  the 
order  of  succewon  iif  the  Ixils.  Obvi<nnly  the  lowest  stratum  is 
the  oldest  and  the  one  at  the  top  the  newest.  This  n»ay  lie  put  a.s 
a  general  principle,  that,  unless  itnila  hair-  lout  Iheir  origiual  posi- 
lioH  through  diilufbaitfr  or  dhtocaHon.  thfir  order  of  supfrfiim- 
liffm  u  lAeir  order  of  rtiatht  age.  It  in  for  ihig  reiutcm  that  in 
geological  sections  the  strata  arc  numbered  and  read  from  below 
upward. 

Change  in  the  chaiaclcr  of  Ihe  strata  takes  place  not  only  verti- 
cally, but  aUo  horizontally,  since  no  stratum  is  univeT>al,  e\-en  for 
a  single  coniinenl.  Our  study  of  the  processes  of  sedimentation 
which  arc  now  at  work,  showed  us  that  the  character  of  the  liollom 
in  the  ocean  or  fn  lak<«  U  »ubject  to  fretjuent  changes,  %-ar}ing 
with  the  depth  of  water  and  other  factors.  The  same  k  true  oi 
the  ancient  sea  and  lake  bottums.  now  represented  by  the  strati- 
fied rocks  of  the  land.    Strata  may  perust  v.ith  great  evenness 
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and  noifonn  thickness  over  vast  areas,  aiul  tn  such  cases  the  bcd- 
dbig  pbna  remain  !ten.iib)}-  parallel.  But  sooner  or  later,  tbc  beds, 
whenever  they  can  be  tracrd  far  ciMugh,  are  found  to  thin  out  to 
edgo  snd  to  dovetail  in  with  ixd^  of  a  different  character.  When 
the  strata  arc  of  constant  thickness  for  considerable  dtslanccs,  and 
tbe  1>ed<liitK  planet  remain  parallel,  the  stratification  is  said  to  be 
rrgular.  In  nuny  cases  these  changes  take  place  rapidly  fmm 
point  to  point,  and  tlien  the  strata  are  plainly  of  letttiaUar  shape, 
thickest  in  the  middle,  thinning  quickly  to  tbc  edge«.     H^re  the 

bedding  planes  arc  distinctly  not 
parallel,  and  the  iiratificatkia  b 
irrcf^tii-iT. 

.\n  example  of  rapid  horizontal 
changes  is  given  in  Ihc  two  acoom- 
punun;;  parallel  neciions  (Fig.  150)) 
taken  through  the  same  beds,  only 
tnenty  feet  apart.  In  these  sec* 
lii>ns  the  differences  of  thickness  of 
the  co:d  seams  and  of  tbc  sands 
and  cla)'S  which  separate  them  are 
very  striking. 

The  finer  details  of  structure 
ihe  stratified  rocks,  such  as 
bciiiling,  ripple  and  rill-marks, 
priuU,  tracks  of  animals,  and  the 
like,  likcwiisc  afford  valuable  testi- 
mony as  to  the  circumstances  under 
which  llic  rocts  were  laid  down. 

Contrelions,  or  Nodules,  are  de- 
v-elo]>ed  after  the  formation  of 
strata.  They  art  balls  or  irregular  lumps  of  a  material  differing 
from  llial  of  ihc  slralum  in  ivhii  h  they  occur.  They  arc  not  peb- 
bles, which  arc  older  than  the  stratum  which  contains  ihcm  and 
which  were  emltedded  jum  a?  we  find  them,  but  arc  younger  Ihan 
ibc  stratum  and  were  formed  sub»c(lUl^ntl/.    This  is  &huwn  by  tfae 


i* 


Fill.  150.  —  Piui^lel  u«lluni  near 

Colowlo  SpHnc*.  Col.    (H»x- 
dm) 
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fad  that  the  planes  of  stratificalion  may  often  be  traced  through 
the  concretion,  anti  iluit  fossils  are  tomeiimes  found  partly  vithio 
and  pailly  nithoul  the  nodule.  In  shape  the  concretions  vaiy 
gmtl>-.  from  ftlnnnit  Iruc  itjiheiei,  lo  ^rotevtiue  »^regatiiins,  but 
aJways  with  rounded  fonn,  and  aUnost  as  great  a  variety  of  oiate- 
rial  a  found  ammig  them.  Very  often  n  foreign  iKjdy,  like  a  foi^sil 
shell  or  leaf,  forms  the  centre  or  nucleus  of  the  nodule,  which  has 


Pic.  151.  —  Coecrdloai  Is  l^ranilc  uji<l:.i 
(U.  5.  O.  S.» 


■  rji'bcriojt. 


been  built  up,  often  in  concentric  layers,  around  Ihc  nucleus. 
One  form  of  concretion,  known  as  a  septarium,  is  ilivided  inter- 
nally by  nuliol  i-rackM,  which  were  sub6«iucntlj'  fdled  up  with  some 
mineral  deposited  from  »>Iulion  by  )>ercoUiing  waters. 

The  ttft^nc)'  which  pro<luccs  concretions  cannot  as  yet  be  ex- 
plained.   The  Duilend  of  which  tfa^  are  made  muit  have  been 
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scattered  through  ihc  stratum  and  (li«n  gatheird  together  at  » 
later  |>eriod.  Such  nodules  faave  been  obscntd  in  the  process  of 
formation  in  nwdem  sedimenl*.  aikI  il  h;n  further  liecn  noticed 
that  when  finely  powdered  substances  arc  mixed  logcther,  certain 
of  them  do  x^regate  into  lumps.  These  obKcn^iicHu,  hMwe^-er, 
meidy  confirm  the  conclusion  that  concretions  arc  due  to  segre- 
gation of  Mattrml  nuterial  in  the  Htratuni;  ihe>-  give  us  tK>  ex- 
planation of  the  fact 


ftti.   ISi- 


lr..[iHonc  toncrrilon.  iplli  open  lo  show  Ihc  (osill  Icit  which  formt  Iha 
nuvlciui  XtuuaCieck.  IllinuU 


The  commonest  concretions  are  those  of  chiy  in  vsriaiis  kinds 
of  rock,  (if  tlini  and  chert  in  limestone,  and  of  ironstone  in  clay 
rocks. 
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Il  is  evident  that  the  stratified  rocks  which  form  the  land  must 
have  been  chimged,  at  least  rclatixvly,  from  the  position  which 
they  originally  occupied,  iince  the  iireiit  bulk  o(  ihem  were  laid 
down  under  tlie  sea.  Originally  ihcy  must  have  been  nearly 
horizontal,  for  this  is  a  necessar)-  result  of  the  operation  of  gravity, 
"^t  as  a  deep  (all  of  snow,  when  not  drifted  by  the  wind,  gradually 
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wvos  up  ihc  minor  inequalities  of  the  ground  and  lca\'cs  a  level 
Mirfaoe,  so  un  the  xea-bollum  the  stflimeiiis  htc  spread  uut  in 
oariy  le«l  layrrs,  disrcsn^in^  ordinair  inequalities.  Wc  must 
Kntmber,  however,  thai  this  on>!>ii.-tl  horixoiiialiiy  is  not  exact, 
anl  depaiturcs  from  it  arc  not  infrequent.  On  a  large  stale,  these 
dtpinura  (roro  (he  horizontal  position  arc  very  slight,  while  those 
lint  are  ciHBpicinius  are  local. 

Examples  of  such  oTiginal  deviations  frona  horizonlalily  arc  the 
following:  (i)  ttTien  a  se<JinKnt-Uden  stream  or  current  empties 
tlv\ipily  into  a  deep  hasin  with  steeply  sloping  sides,  ihc  .sediment 
a  rapidly  depusited  in  oblitgue  byerN,  which  follow  the  slojx:  of 
Ihc  sides  (i>.  foreset  beds),  (a)  Alluvial  cones,  or  fans  (p.  joi), 
htxt  steeply  inclined  layers,  for  a  similar  reasim.  Both  uf  these 
rases  nsemblc  the  artificial  embankments  which  are  built  out  by 
dumping  earth  or  grave!  over  the  end,  until  each  successive  section 
it  raised  to  the  necessary  lexel.  In  such  embankments  the  obliquity 
tifibe  layers  is  often  plainly  visible.  (3)  Sand  beaches  often  have  a 
(nnsidenible  inclination,  ils  much  il<«  S%,,  and  nevrly  aildnl  layers 
follow  this  slope.  (4)  Od  a  large  scale,  the  great  sheets  of  sedi- 
ment that  cover  the  sea-1>oltom  geneniHy  have  a  slight  inclination 
■»-ay  from  the  bnd,  with  a  somewhat  increased  slope  along  lines 
uf  depression.  These  slight  original  inclinations  of  sedimentary 
masses,  either  as  a  whole,  or  along  certain  lines,  are  calle<l  inilial 
dipt,  and  has'c  an  important  bearing  upon  the  results  of  subsequent 
movenicnts  of  displacement. 

The  displacements  to  which  strata  have  been  subjected  after 
their  formation  are  of  two  ]irinci)>al  kind.i:  (1)  In  the  first  kind, 
ibe  stnis  have  been  lifted  vertically  upward,  often  to  great  heights, 
without  losing  their  horizontal)  ty.  Over  great  areas  of  our  Western 
States  and  Ihnse  of  the  Mississippi  valley,  the  beds  arc  almost  as 
tnily  horizontal  as  when  they  were  first  laid  down.  In  some  of 
iJw  lohy  plateaus  through  which  the  Grand  Caflon  of  the  Colorado 
has  been  cut,  almost  horizontal  strata  are  found  10,000  feet  above 
the  scK-le\-d.  (i) More  frequent  and  tyi>ical  are  the  dispIacemeDts 
of  the  second  class,  by  which  the  beds  are  tilted  and  inclined  at 
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various  angles,  somctimts  bringing  tfi^  strata  into  a  vertical  posi- 
tion, und  <M'c;t.sM>iutiIy  cvtfn  (ivcifurniiig  iind  inverting  ihein.  In 
Ibc  {omparatively  small  esposurcs  of  strata  which  may  be  seen 
in  ordinan'  section*  in  cliiTs  and  ravin«>,  the  rocks  appear  to  be 
simply  inclined,  and  the  sitau  themselves  to  be  ncariy  straight. 
But  when  the  structure  is  determined  on  a  large  scale,  it  13  often 
found  that  this  appeamncc  b  due  to  (he  limited  area  visible  in  one 
vie«-,  and  that  the  apparently  straight  beds  are  rea%  portions  of 
great  cun-*s.     Such  curves  are  called /o&/f. 

Dip. —The  angle  of  inclination  which  a  lilted  stiutum  malus 
witli  the  plane  of  the  hori^ion  u-  called  the  Jifi,  and  i.t  measured  in 
degrees.  The  line  or  direction  of  the  dip  is  the  line  of  steepest  In- 
dinaiion  of  the  dip|>ing  bed,  and  is  ex}irc»sed  in  tcrn»  of  compasft 
bearing.  For  example,  a  stratum  is  said  to  have  a  dip  of  15"  10 
the  northwest.  The  angle  of  dip  is  measured  by  means  of  an  instru- 
ment CjiUcd  a  clinometer,  ol  which  many  kiniU  are  in  iLV. 

Strike. — The  line  of  interwction  formed  by  the  dipping  bed 
with  the  plane  of  the  hori«>n  h  calletl  the  line  of  Kirike  atxl  it 
necessarily  at  right  angles  to  the  line  of  dip.  (See  Fig.  1 54.)  If  a 
piece  of  slate  be  held  in  an  inclined  position  and  lowered  into  a  ves- 
sel of  water,  the  wet  line  will  represent  ibe  strilie.  As  long  a*  the 
direction  of  the  dip  remains  constant,  the  line  of  suikc  is  straight, 
but  as  the  direction  of  the  di))  changes,  the  strike  changes  alao, 
always  keqiing  at  right  angles  to  the  dip.  and  in  such  cases  as  tbc 
Appalachian  Mountains  the  lines  of  strike  are  sweeping  curves. 

Outcrop  is  the  line  along  which  a  dipping  bed  cul$  the  surface  of 
the  ground,  and  is,  of  course,  due  to  erosion,  which  has  truncated 
the  fiilds  of  »tr;ita.  F.xcept  in  (he  ca.ie  of  fractured  beils,  which 
will  be  considered  in  the  following  section,  if  there  were  do  ensioa, 
tl)ere  could  be  no  ouitrop.  When  the  surface  of  the  Rround  a 
level,  outcrop  and  strike  become  coincident,  because  the  surface 
then  Is  practically  a  horizontal  plane.  With  the  <iip  remaining  con- 
it,  the  more  rugRcd  and  broken  the  surface  becomes,  the  more 
ely  do  strike  and  outcrop  diverge.  For  a  given  form  of  surface, 
l<  ri>p  and  strike  diScr  more  when  the  beds  dip  at  a  low  angle 
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tbfto  when  ibc  dip  is  sleep,  for  when  the  strain  arc  vertical,  outcrop 
And  Mrtlce  ai;uin  oiiiu-idc,  ;inil  tlic  more  nearly  the  strata  approach 
venicality,  the  more  closely  do  the  two  lines  come  tijgcihcr. 

Having  dii^rcssed  to  make  these  netessary  dcfinilions,  wc  may 
now  return  tn  the  subject  of  folds. 

Folds  present  themselves  to  obaenaliim  under  many  different 
aspects,  all  of  which  may  be  regarded  as  modifications  of  three 
principal  types. 


Pro.  133.— Sfnmelrioil  tolds:  Hiiliciine  on  left,  and  lyncline  on  riehl. 
(U,  S  G.  S.) 

(t)  The  AntUline  b  an  upwaixi  fold  or  arch  n(  simta,  from 
ihr  summit  uf  which  the  beds  dip  downward  on  both  sides.  The 
curve  of  the  axch  may  be  broad  and  Rcnilc,  or  shar)>  and  angular, 
or  anything  Imtweeii  ilie  two.  The  lini'^  along  which  the  fold  is 
pnitonKed  is  called  the  anlifUHol  axis  and  may  be  scores  of  miles 
in  length,  or  only  a  few  feel.  This  may  l>e  illustrated  by  an  or- 
dtnaty  roof,  which  represents  the  two  sides  or  limbs  of  the  anli- 
dine,  while  tl>e  ridge-pole    will    represent  ihe  anliclinol  axis. 
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Wli«ihei  loi^  or  short,  the  fold  eventually  dies  airay,  and  thiis  the 
summit  of  the  nrch  is  nol  perfL-clly  level,  but  more  nr  Ii-ss  s]cq>ly 
inclined,  and  this  inclination  is  c&Ued  the  ^th  of  the  fold.    la 


Ph.  154.  —  Modtl  of  iinliclmr.     /'.  uis  pitrhing  to  Hit  \rU:  S  S,  ttnn  ol  Mrikt; 
D,  Unc  of  dip.    The  dolled  luw  u  (lie  pUae  ol  ihe  axli.    (Wlllt*) 

accordance  wiili  the  length  of  Iht-  axis  and  Ibe  stcqtncss  of  the 
pitch  the  uncrodcd  anticline  is  either  short  and  dome-like,  or 
elongate  and  rigjir-shnped. 

(i)  The  Syiuiiiie  is  the  complcmcni  of  the  anticline,  and  in 
this  the  beds  are  l*e»(  into  u  downward  fold  or  iroii};h,  dipping 
from  both  sides  tow-ard  the  bottom  of  the  trough,  which  forms  the 


r  nd 


Pic.  i^.  — Mod^lcrfiTDcliDt.     (WilUi} 


longitudinal  synclinal  axis.  As  in  the  anticline,  the  axiw  may  be 
long  or  short,  with  gentle  or  steep  pilch,  forming  long,  narrow. 
"  canoe-shajieil  "  \-allejK.  "r  oval,  c\en  riiUiid,  iKisins.  In  sedion 
the  syncline  may  be  shallow  and  widely  open,  or  wilh  ste«p  (^id<» 
nd  angular  bottom. 
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Domes  and  Basins  ar«  specia]  oi^e^  of  atili(-li:ies  and  nynclinet. 
The  <looic  is  an  ;intidinul  fold  in  which  Ihc  a.vis  is  reduced  to 
tcro,  ibc  dip  of  ibc  })cds  bving  downward  in  all  directions  from 
tiic  summit  <>f  ih«  d4>nie.  A»  llic  dip  chimgrs,  the  stribir  changes, 
describing  an  oval  or  circle.  Similarly,  the  baaiu  h  a  »yiK'linc 
vith  axis  r«luc«J  lo  xfiro,  the  bed»  dipping  downward  from  all 
aides  to  the  bottom  of  the  basin,  and  the  strike  forming  the  edge 


Fm.  19S.  —  Anlfcline  nmi  Hancock.  Md      (U.  S.  G.  5.) 


of  the  tiMin.  The  term  hasin  is  iiscd  in  different  »en»e»,  and  it 
to  necciwarj-  m  distinguish  lari-fully  lietween  a  basin  of  folding  and 
one  which  has  been  cxtavatod  by  erosion. 

It  U  rare  lo  And  a  Hingle  anlidineor  syncline occurring  by  ilsHf; 
nty  much  more  trcqwntly  i!if>-  are  found  in  more  or  leas  |>arailel 
tfoiea,  each  pair  of  anticlines  connected  by  a  syncline.  At  one 
end  of  ihc  system  we  may  find  *everal  aws  conwrging  and  unit- 
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ing  into  a  sinjile  fold,  ilikI  tlicy  itil  <ii«  awxy  sooner  or  Ulcr,  the 
pilch  of  the  folds  coinci<liDg  with  the  dip  of  ihc  beds. 

A  niuUnorium  aod  Syndiitoriuvi.  —  Tlie  system  of  roughly 
jMirallcl  folds  which  arc  grouptd  together  may  be,  when  regarded  a* 
a  whole,  either  antldinal,  rising  up  Into  a  great  compound  arch,  or 
synclinal,  ilcpreMcd  into  a  great  comimund  trough.  The  former 
is  called  An  anticlimirium,  and  the  latter  a  .<ynclinorium.  The 
secondary  folds  which  compose  one  of  these  systems  may  them- 
selves be  com|)nun(t  and  made  up  of  many  suhonliiute  folds,  the 
smallest  of  which  can  be  detected  only  with  the  microscope. 


flQ.  is7.'-Syncllnoriuin.  Mi.  Gnylock.  Mius.    (ttalo) 


ine  and  Geosynttine.  — The  folds  and  flexures  which 
we  hsve  so  far  examined  are  those  which  nITcct  the  Simla  at  the 
suriace  or  al  comjiarativcly  moderate  depths.  It  is  quite  impos- 
sible that  the  whi>le  crust  can  be  involved  in  folds  of  such  ^mall 
umplitude.  The  crust  is,  however,  subject  to  llcsures  of  its  own, 
which  are  characterized  by  their  great  width  an<I  gentle  slo|>c 
Such  flexures  have  iiccii  named  by  Dana  geanticlines  and  gco- 
synclines,  to  express  their  importance  for  the  earth  a*  a  whole. 
The  great  thickness  of  sediments  which  form  the  Appalachian 
\tountains  (exceeding  25.000  feet)  wtis  laid  ilown  in  an  immense 
geoeyndinal  trough,  which  through  long  ages  slon-ly  sank  as  the 
sediments  accumulated.  The  rate  of  subsidence  so  nearly  equalled 
Ihc  rate  of  ileposi'iiun,  that  almo-tl  ihe  entire  thickness  was  accumu- 
lated in  shallow  water,  as  is  indicated  by  the  chiimcter  of  the  rocks 
Ibemitclres.  Geanticlines  are  less  easy  to  delect,  but  there  is  cW- 
dcDce  to  show  that  they  do  occur  on  an  equally  great  scale. 

mav  be  classified  cither  in  accordance  nith  the  rclition 
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rhich  their  opposite  limbs  bear  to  each  other,  or  with  reference 
the  degree  of  compression  to  which  tliej-  hiive  l)ecn  subjcclcd. 
Using  tlie  fimi  metlxxl,  wc  may  distinguish  the  following  rsrietiea. 


.  I5t. — Di;iKnmii  oF  IO<<lii.  (IVillk.)  i.  tJj>n)[hi  or  sfmniflitral  open 
B.  A«^niFiiii;a<  foid,  optn.  3.  AiynimciTifBl  tolj.  cloied  uiil  ovcmtnod. 
4.  SymmeiTiciil  told,  closed.  5.  Cioied  uillclliw.  overturned.  6.  ClOKd  uitf- 
diu*.  mutnticnl 


f 

^B  Vpri^  or  Symm*tri(oi.  —  In  this  case  the  two  ltmb«  of  ilte  fold 
dtpat  thesitme.ingk  in  opposite  directions,  the  plane  of  the  axis  of 
Ihe  flexure  is  vcnical  and  bisects  the  told  into  equal  halves.  In 
aiymuKlrUal,  or  tiultHeJ,  foItU  the  oppuMte  linib«  havT  dificrait 


Pla.  I99t  — A«r"i>>«l't«>>opral>i'<l-Hiehr»tk.  N.V.    (ntrtD|iniibb]r«aa  !■(<") 


According  tn  (be  wcond  mode  of  dassi&cation,  ire  have  a  wrae* 
whal  difTcrrnt  strira  of  ictms;  bui  boih  mctbods  have  their  uses 
and  mu«t  lie  cin|>lfn-e().  Ofien/Ms  are  those  in  u-hich  the  Hmhs 
are  widHy  M^'{<aratrd;  strata  with  opei).  gentle  flexun«  are  said  to 
l«  undulating.  Closed /Mi  are  thfj*e  in  which  the  Umba  of  the 
flexure*  arc  in  coniact  and  any  funhcr  compression  must  he  re- 
lieved by  a  thinning  of  the  heds.  Contorted  strata  art  thronn 
cloAe<l  foldit,  which  are  conneictml  hy  sharp,  aii)i;ular  turns. 


FOLDS 


333 


PlkalioMS  are  intense  cnimplings  and  corrugations  of  the  strata. 
Isodinai  Ji4ds  arc  lh<»e  which  have  been  so  I>ent  back  on  ihem- 
seircs  that  the  limtis  of  the  flexures  arc  all  parallel,  or  nearly  so. 
When  a  series  of  isoLliuos  ha.i  ht^en  planed  down  by  eniMon  to  a 
level,  the  strata  show  a  continuous,  uniform  dip  and  present  a 
<le<;ef>live  appearam^  of  being  a  simple  succession  of  lilted  be<ls. 
A  ililt  foriliiT  riimprcssTi>n  of  ismlinal  folds  produces  /'in /o/rfj. 


ifric«0n>  while  smnm  li  iluipl)'  bent  on  iiiclf  alioui  ibc  middle  ol  tbc  niouu' 
Irta  hco.  In  («w»cd  t^lupe.    (U.S.  G.S.J 


In  this  structure  the  anticline  is  broader  at  the  summil  than  at 
the  base  and  the  syncHnc  broader  belovr  than  above,  a  rei-ei^al 
of  ike  normal  arnui^^cnieni. 

Tbc  isortinal  an<t  fan  fi>l(is  may  W  .upright,  inclined,  inverted, 
or  fecumbeni.  lo  the  closed  folds  there  has  been  such  enor- 
mous coni))res3ion  that  the  tasae  strata  arc  of  different  thickness 
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[iL.i^i        UToMTtl  letmiilicnl  loM.  Ejii  l!-.in-si«.     (LI   S,  G.  t  J 


L 


fio.  its.  — rtloaradcDeiu,  MonigomeryCo,,  iv    (U.  S.  0.3.) 


in  different  partt  of  the  tiexure.  This  is  especially  m&rked  in  fan 
fulding,  in  which  the  beds  are  much  thinner  un  Iht-  limbs  than  at 
ihe  sammlt,  snd  sometimes  the  central  bctk  in  the  fold»  have 
been  actually  forced  lo  flow  upward  or  downward,  forming  ao- 
lated  masses  cut  oB  from  their  original  connections. 

I  sides  the  simi)lc  folilt  above  deMTil>e(l,  there  are  frequently 
d  complex  systems  of  ilcxures,  in  which  the  compressing  force 
h&s  wried  ximultaDDOUsly  or  successively  in  different  directions, 
produdng  highly  complicated  cross  folds.  These  are,  however, 
often  e^drcmely  dilTti-uIt  to  «-ork  out,  and  in  an  elcmentar)-  1>ook, 
intended  for  the  bej;inner,  it  is  not  neccssaij-  to  do  more  than 
men  lion  ihem. 


ria.  tti.  —  IndiMd  todinal  fohb,  <rud*d.    (WUIii) 


' (3) The  TOWfo^yino//^ isa somewhat  exceptional  type, which  can 
lanlly  be  regarded  as  a  modified  forat  uf  the  anticline.    A  mono- 
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t  I   .    !■  5   —  .'■I'ji.  .^  inn  I...I1,  ^zlriLii  \  ;il.'.;\      ^L  .  br  U,  &-J 


Fig,  jf^.  —  VoGOtimAllo!.!.  Mta^.'.  Kivr*.,  K\*.^V4.    *,V;.S-G.S.) 
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clinal  Huure  h.  a  Mni^le,  sharp  bend  connectini;  iitrala  which  lie  al 
different  Icvfis  and  arc  often  horizontal  except  along  tlic  line  of 
tlexure.  Folds  of  llits  character  are  very  common  in  many  paru 
of  the  West,  especially  in  the  high  jilatcau  region  of  Utah  and 
ArUona. 


J 


ca\pTER  xm 

FRACTURES  ARD  DISLOCATIOSS  OF  ROCKS 

The  rocks  arc  often  unable  to  accotnmodate  themselves  by  bend- 
ing or  [iloNlk  flow  tu  ibe  xlmscs  to  whi<'h  the\'  Ate  xubjecteii,  and 
therefore  break,  usually  with  more  or  less  diskxalkin.  ■  A  simple 
fnirture,  not  aceompunted  by  distlocution,  is  called  ifosure,  and 
ibc  strata  on  Ihc  two  sides  of  ibc  fracture  arc  the  same  at  correspond- 
ing levels,  so  that  the  crack  was  evidently  made  throi^h  continuous 
beds,     ■ 

FAtTLTS 

I  ■  niien  the  strata  on  one  side  of  a  fistiure  have  been  shifted  in  any 
direction  reJntivdy  to  the  beds  on  the  other  side,  wi  that  the  strata, 
whicli  were  once  continuous  across  ibe  fracture,  arc  now  separated 
by  a  vertiinl  interval  an<l  lie  at  different  levels,  the  structure  is 
called  3,  fault.  We  have  learned  thai  faulting  is  aj>  accompanimenl 
of  jnony  great  eiu-thtjuakcs  (see  Cha|»tcr  I),  and  these  nmdern 
faults  show  that  the  movement  may  be  in  any  direction,  vertical, 
iKtrixontal.  obli»ju«,  ur  rotational. '  "  Whenc\er  the  rocks  of  the 
earth's  cru.6i  arc  subjected  to  strain,  fractUircs  take  pUce  in  them  as 
tn  any  other  Ixxiy  under  similar  conditions,  and  the  differeni  parts 
of  the  rock  tend  to  move  past  one  another  along  the  fradure-planes, 
itcekin];  to  obtain  relief  from  the  strain  ami  to  accommodate  them- 
sclvH-s  to  new  conditions.  In  this  movement  one  part  of  the  frao- 
(urcc!  rock-mass  may  move  upon  the  other  in  any  direction,  up, 
donn,  (^idewisc  or  obliquely,  according  to  the  conditions,  which  are 
different  in  each  instjinre."  (Spurr.) 
It  is  obvious  that  faulting  displays  highly  complex  phenomena, 
cannot  be  adequately  [>re?ented  t>y  diagrams,  >ince  three 
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dimensions  arc  in*y>lvcd,  and  Ihc  simple  cross-section  may  be 
allo{;etfaer  DiisJeadiitg.  To  :i<l(l  to  tlic  (l)l1i<:u]ty,  mii^c-mcnls  Ite^ 
quently  wcur  at  intervals  along  the  same  fracture- planes,  but,  it 
may  be,  in  entirely  ditTercnt  <Iirecti»nt>,  ^'  a  veiticAl  movenK-nt 
may  be  succeeded  by  a  lioriKonial  one,  or  viet  vena,  and  ihe 
6nal  outcome  may  be  the  resultant  of  many  different  movements. 
It  is  very  unfoirlunalc  that  several  of  the  lerms  used  in  the  de- 


Fin.  167. —  Nonnal  laid,  iui]l-pUne  hitding  *CKin)l  ilip  nf  l»'ili  -  t'  t.  Ihrow;  it, 
hntr.;  tt'.  tfrUigraphIo  ttir<n'.  Khlch  in  thlsnuc  li  mrajuinl  alone  tlm  Uall- 
pl«*c.  becnoe  ibe  Uaet  happeat  10  be  at  right  uigXet  10  the  bniding-pluie*- 
Tb*  angle  Afc  h,  llie  iingiR  ot  hade;  f'ic.  the  angle  cif  dip-  FiMil-oall  10  the 
ri^tit  of  Hit  (iiili.  and  b^nt^liiR  irall  10  the  leh,  —  S.B.  'ITic  linr  h'l  OhiiM 
htifr  been  dnum  Irom  the  itf  of  the  obiiquclf  lined  bed.  i^ichity  incnaaiog 
bodi  Araw  a*d  beave 


KiiptioD  of  faults,  adopted  from  the  mtnent  by  English  gcolo^sts, 
should  in  Amtricnn  practitr  have  ncquirrtl  mc.itiiti(.N  qiiilc  iliffw- 
ent  from  those  originally  given  to  them,  so  tliai  the  t^tudent  finds  in 
diSerent  books  the  Mime  terms  emi>l<>yed  in  differ<-nt  .<enscs.  The 
-  following  definitions  arc  those  commonly  to  be  found  in  the  text 
books:  — 
,   Faults  are   usually  inclined,  and    the  angle  of   inclination, 


measured  from  a  vrrtkat  plane,  b  culled  the  hade,  or  ilopf,  of  ihe 
fault,  while  ihc  dip  of  ihe  fault,  like  that  of  a  siratum,  U  measured 
from  a  honzunlal  jibnc,  and  w  thus  the  cfimplemenl  of  the  ha<lc.  r 
For  examjile,  if  the  fault  is  vertical,  the  hade  =  o,  and  the  dip  =  go*; 
if  the  fault  is  horizontal,  the  hade  =  90',  and  the  dip  =0,  whiles 
hadeof  45°  givcsa  dip  of  the  same  amount.  ,  The  side  on  which  the 
beds  lie  itt  a  higher  level  than  iheir  tonlinuulions  un  the  uther  side 
of  the  fault-plane  is  called  the  upthrow  side  and  the  other  is  the 
dinimlhriTW  side,  without  reference  to  the  ariual  <lirectioii  of  the 
movement.  Owing  to  Ihc  inclination  of  the  fault,  the  rocks  on  one 
side  project  over  those  on  the  other.and  are  hence  called  the  hang- 


tbiow ;  CB.  heave 


DH,  trnticnpnic  ihtow; 


n 


ing  wall,  and  the  side  which  projects  undencath  the  other  is  catted 
the/w/'uW/.  Either  the  hanging  or  the  fool -^vall  roa)'  l>e  on  Ihe 
upthrow  or  the  downthrow  side,  according  to  the  nature  of  the  fault. 
The  verticid  displacement  l>etween  the  fractured  ends  of  a  giv'en 
slralum  is  called  the  Ihrma  (b'c.  Fig.  167)  .ind  (he  heave,  or  hori- 
xcintal  (hntw,  ik  ihe  horizontal  di.slance  through  w  hich  one  end  of  a 
faulted  bed  has  been  carried  past  the  corresponding  end  on  (he 
other  side  of  ihe  fault  plane  {be,  Fig.  167).  When  the  movement 
has  been  vertical,  the  heave  ts  due  to  the  obliquity  of  the  fault  and 
therefore  increases,  in  proportion  to  the  throw,  as  the  hade  in- 
A  fault  with  plane  )>erpendiculaT  to  (he  surface  has  no 
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bate,  fnr  ii  hu  oa  hade.  0/j/i  is  ihe  clUuncc  between  ihc  two 
(nm9|Mxiidin)c  outi  »f  ■  faulinl  lied,  mcaNurol  on  it  borixonuU 
fJatae  And  lutully  apfilinl  to  Ihr  outrrr>f>  (set  l-'ig.  177,  III). 
Tht  tinlifritfliu  Anne  b  tlic  thirkncM  of  beds  which  is  incliukd 
b«n»cmi)Mi«i)fntt,iure(IcniI*M[alaulicilMniiumun<li*ukcnat 
h|HM  Aliflslii  ihe  b«klinK-|ilunes.|    (/>8,  Fif;-  168,) 

The  ihrmr  nf  hulta  vario  (ireaily  in  dilTcrcni  rAWt.  fmtn  a  frao> 
Mob  o(  on  incb  uji  to  thnusunds  of  fed.    In  tbo«c  of  unull  ihmw 


tbr  i<Line  i>(  (nctun  b  frequently  a  cinin.  shiq>  break;  but  in  the 
(TMlrT  fauls  the  rotkA  in  the  ndFtlil-^irtvii-d  <il  llx  fnull  arc  often 
hflDt,  cnitheil,  and  liroken,  forminK  ■  mnfuKcd  nuM  ol  fraitmmu, ; 
!  Kod  •nwD,  which  may  b«  cctneniefl  inio  a  bnrvia,  nltich  ■•  ' 
das  cbIM  /aull'hfttfia  or  fault  wMk,  In  Mift  nvk*  ihc  fault  it 
ahrap  cloMd  by  the  imRivnse  W4:i|*hts  and  imsstim  involt-cd,  but 
b  rigid  rncki  it  may  remain  patlly  o{Kn,  »pc^~iatly  if  ibe  break  be 
wi  a  plane,  Ima  uf  runnl.  warped,  and  irrrKuUr  nmrvc,  a«  Ea 
tbc  caae.    The  lerni  fauUfiatte  it  thtu  rarely  accurate. 
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though  it  i&  constantly  tm|)l»vc(J  as  n  matter  of  convenience.    In 
faults  of  con&idcrabk  throw  the  ends  of  adjoining  strata  are  apt  to 


FM.  17a— VoftioJ  ilickeniiJra;  Rondout,  N.V.     (PtiolugiMph  by  vmi  Incco) 

be  bent  more  or  less  shari>Iy  upvian)  or  downward,  in  accurdance 
with  the  direction  of  movement.    This  is  drag  (Fig.  178). 


1 
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In  the  more  rigid  rocks  the  friction  of  the  mufses  grin<ling  ngninxt 
one  anoiber  on  the  fuull-plaDC  grooves  and  pollshca  them,  which 
produces  the  chsractcri^lic  iipiwarancc  known  its  ilkkensidts. 
The  grooves  or  stria;  indicate  the  direction  «f  the  last  movement 
oloog  the  fniill-plune,  (or  ordinarily  this  Iii>l  movement  ol>literatC5 
the  earlier  siriie,  but  does  not  alwaj-s  do  so,  for  we  somclinKS  find 
cases  in  which  two,  or  even  three,  sets  of  sirisc  are  preserved,  each 
demonstrating  motinn  in  a  different  dirt<'lion. 


1^,  tjt.  —  UmaiOBc  hiilieil  nn  liii<lilm£-p)»nn,  ulih  rrrticul  ilicknniidn:  Ro». 
dottt,  N.Y.    [I'hoiognph  by  vu  Ingen) 


In  Stratified  rocks  rault»  usually  break  across  the  strata,  ^eparal- 

Jag  each  bed  ioto  two  or  more  parts,  according  to  the  number 

dislocations,  )-ei  sometimes  the  fault-plancs  coincide  with  ihc 

Jding  planes,  which  are  slickcnsided,  pushing  each  stratum 

upon  thrise  above  and  l>eluw  it,  l)Ut  without  fracture. 

The  preceding  diiKUfsion  of  faults  dculs  only  H-itii  those  of  stniti- 
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fied  rocks,  but  ihU  U  merely  because  »uch  displairemenis  arc  tbi 
easiest  t<>  olixen-o.  A»  a  matter  t>r  fiut,  di&locationf  may  and  do 
traverse  rocks  of  aU  kinds,  but  it  may  be  quite  impu?&it>le  to  detect 
a  fault, even  one<>(  |ire:U  lhn)w,  in  3.  thick,  humugencous,  CTj'stalline 
mass,  for  lack  of  any  definite  jioints  of  reference  on  the  two  jiides 
of  tbe  fault-plane.    On  the  other  hand,  in  thinly  laminated  roclc^H 


I         « aj 


Fic.  I7».  —  Uinuie  Tcnicai  uuic.  of  ivcEni  daw,  mirtiupTlng  gliclsl  mimv 
(G.  F.  Mililiew) 

with  well-defined  colour  lines  the  mo^l  minute  diVpliicemenls  are 
strikingly  .-L|ipiirenl. 

It  is  cusioman'  in  KeoloRical  literature  to  npply  the  term /tuft 
to  any  dislocation  of  the  mcks,  in  which  the  broken  ends  of  the  betfa 
nrc  carried  past  one  another,  yet,  used  in  thli  manner,  it  includes 
structure*  of  very  <lifforent  !!igni5cance,  produced  in  dissimilar 
waj-s.  It  therefore  &ecms  advisable  to  distinguish  between  the 
main  classes  of  structure  by  removing  IhrusU  altogether  from 
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the  catcsory  of  faulu.  Vfcd  in  this  restricted  sense,  faults  are 
those  dUlocatioRS  which  Kciicrally  tcml  in^anl  tlic  vertical  nnil  occur 
in  hoHxoiUAl,  inclined,  or  but  slightly  fnltlcd  strata,  which,  to  all 
appearance,  have  been  subjected  to  tension  rather  llian  compression, 
(hough  the  hitter  fre^iueiiily  occun)  loc.tlly,  while  thrusis  tend  to  be 
horizontal  and  arc  found  in  regions  of  violent  compression.  The 
clASsiAcationuf  faults  is  even  yet  the  Hu]>jecl  of  ngorous  discussion, 
and  no  general  agreement  has  been  reached,  so  thai  the  following 
scheme  is  to  l>c  taken  as  merely  tentative,  though  it  rl<;p;tri$  but 
little  frnm  the  cui>l<>inan'  plan,  excq>t  in  the  complete  separation 
Itelwwn  thrusts  and  reversed  faults,  which  has  been  advoi-ated  I>y 
many  writerv.  In  the  |wesent  slate  of  knowlt^ilge,  however,  any 
icbetne  of  classilicalioD  has  an  undue  appearance  of  exactness. 


Poatti 


Thnuli 


DtUjOCATtONS 

a.  StrOw 

I. 

Radlnl 

1.   Nofmal     (.   Dip 

t.   Oblique 
].   R  evened 

II. 

MonnoMaX 

III. 

WvHial 

I. 

Scinion 

II. 

Fo)<) 

in. 

Surface 

I.  Radial  Faults  are  those  in  which  the  principal  comiionent  of 
the  raovemeni  hii>  l>een  upwartl,  downwanl,  or  lK>lh,  though  sub- 
ordinate movements  of  lilting  and  rotation  frequently  occur. 
However,  it  is  not  always  possihle  to  lell  fmm  the  observed  data, 
wbetbcr  the  chief  ino>-emcnt  was  vertical  or  horixonlal,  for  in  cer- 
tain n^l-unt.^lunces  the  results  are  so  deeeplively  similar.  Accord* 
ing  to  prevalent  belief,  the  radial  faults  comprise  the  great  majority 
of  (li3lncation.t,and  Iiorixonlal  miiv-emenls  are  comparatively  rare, 
bul  recent  exact  studies  indicate  that  this  opinion  is  at  least 
an  exaggeration  and  thai  horizontal  movements  are  far  frotn 
uncommoa. 
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t.  Normal  I-'aults  (also  called  gravity  faults)  are  those  in  which 
(he  faull-plane  incline*  nr  luiilo  lovranl  the  (Jownlhmw  side,  whicli 
forms  the  hanging  wall.  "  It  seems  best  lo  use  tlie  term  normal 
to  cov-er  those  faullii  in  whii-h,  usin^  the  horir^untal  pliinc  as  datum, 
the  hanging  wall  has  dropiied  relative  lo  the  foot."  (J.  A.  Reidj 
Locally,  at  least,  a  normal  fault  in)|)ties  an  extension  of  an  arc  of  the 
eitrth's  surface,  for  the  beds  occupy  n  greater  space,  measured  across 
the  fault,  than  they  did  before  faulting  occurred.  The  normal 
fiiullN  m.-ty  he  liivided  into  three  groups,  as  shown  in  the  table. 


^&«ft 


FlO.  173.  —  TroosMaiill  o>  wry  tmiLlI  throw.     (U.  S.  G.  S.) 

0.  Slrike-fauUs  are  tliose  which  run  parallel,  or  nearly  so,  to  the 
strike  of  the  beds.  To  this  group  belong  the  great  normal  fnults, 
great  Ijoth  a.*  lo  length  and  throw,  ihou);h  they  may  be  extremely 
mioutc,  or  of  any  order  of  magnitude  between  ihe^  extranet. 
They  may  die  out  in  a  fe*  yards,  or  run  for  hundreds  of  miles,  and 
may  be  simple  or  comjtound,  single  or  branching.  A  compound 
is  made  up  of  a  number  of  parallel  dislocations,  placed  close 
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together,  nhich  may  hade  in  the  »«mc.  or  in  »pp»si(e  directions, 
but  in  the  latlcr  case  one  haci«  prevails  over  the  other,  A  scries 
of  parallel  faults,  witkr  apart  than  ihuse  of  compound  (aull$,  and 
all  hading  in  the  same  direction,  arc  called  sltp-J:iulls.  If  two  par- 
allel <li.'sl<K:ati<>n.i  are  inclii)e<l  tuward  each  other,  ibey  form  a 
tnugh/aitU  and  include  a  wedge-shnped  mass  of  rock,  which  is  on 
ihe  downlhiDW  side  of  both  displaccmenLs,  while  if  they  incline 


FlO-  (74.— biMBil  haHi  in  ihc  loul  uf  a  iiilnr.  Iibho.     Near  the  riglit  <rni],  n  liny 
Honi-    (U.  S.  G.  S.| 


L~ 


my  from  each  other  the  inclined  nujx  is  on  the  upthrow  EJde  of 
both.  For  the  latter  structure,  which  is  the  convene  of  the 
trough  JquU,  there  is  no  English  twm^many  gcuJugistx  have 
ibctefore  adoi>trd  the  German  word  H^rtt. 

However  long  it  may  be,  a  simple  fault  sooner  or  bter  dies  away 
by  dtininuit(>n  of  tlic  throw,  until  it  vanishes.  This  implies  that  the 
rocks  arc  bent  along  the  dislocation,  upward  on  the  upthmw  side 
and  downward  on  the  dowaibrow  «ide.     It  b  compar&tively  ad- 
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dom  (hat  the  upthmw  $iil«  of  ii  faiill  i.t  left  stiinflinjj;  an  a  lir.e  of 
dirt,  or  Jault-ifiirp,  which  dqwnds  upon  the  ienglh  of  time  during 
which  Ihe  sciiqi  hiu  bren  ex;>«»etl  to  denudaiion.  In  the  majorily 
of  iiutanccs  the  two  sides  of  ihc  fault 
are  worn  to  Ihc  same  ic\'cl  or  lo  otic 
continuous  slope,  so  that  there  is  no 
feature  of  surface  topography  to  indi- 
lulc  the  existence  uf  the  fault,  whieh 
must  be  inferred  from  the  effects  of  the 
dislocation  upon  the  uutcrujjs  of  tlie 
strata  involved  in  it.  These  effects 
are  determined  by  llie  direction  aiid 
throw  uf  the  fault,  and  by  the  altitude 
»nd  dip  uf  Ihe  bcda.  Strike-faults  of 
moderate  throw  which  traverec  hori- 
xontid  strata,  or  strata  inclined  so  that 
the  dip  of  the  beds  and  Ihe  hiide  of  the 
Flo.  175.  — El&Eioli(iikr:-liiiiii  fiiiilt  are  in  opixisite  directions,  repeat 
t,n  ouicropu   A  bc.««  i.uit-  ^  (   ,,    ,,^^3     bringing  them 

ing;  A.  Willi  (mill  KAH' Wii'I-  '■'•     f  1  t     & 

mg:   c.  -iih  upihrow  .nd  agjiln  to  the  surface,  as  shown  in  Fig. 
dowmhiow  sidci  woin  lo  a  jjj.     When  disloc.ited  liv  a  >crie*  of 

number  of  outcrops  greater  by  one 
than  the  number  of  faults.  WTicn  the  surface  has  been  wora 
down  to  one  continuous  slope, 
such  a  rejietition  of  the  out- 
crops may  be  very  deceptive. 
In  Fig.  176,  for  examiilc,  ibc 
observer  might  easily  be  misled 
!nto  believin]!  that  nevcn  Ncani.t 
of  coal  were  cropping  out  on  the 
hillside,  wher«aj)  m  reality  there 
are  only  two  such  seams  with 
outcrops  repeated  by  fauhing. 
When  the  hade  of  a  strike-fault  i&  in  the  same  direction  as  the 


Fn;.  176,  —  Elfcci  ol  bWp-iBuJB  in  »■ 

jmliiiK  outC[Oi».  (Model  by  SO[nt lib) 
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dip  of  the  bed«,  a  rcrtitin  numlier  of  ()i«  httiT  nt>ut  against  the 
fauli-planc  and  laiJ  lo  reach  ihc  surface,  their  ourcrops  b^ii^ 
cutout  {Fig.  i68).  InRreai  faulut,  with  di^pbcemcnis  of  many 
thousands  of  feet,  ibe  beds  cropping  out  on  the  two  sides  of  the 
fault  are  entirely  difTerenl.  The  deep-Mated  Htrata  which  are 
exposed  by  denudation  on  the  upihraw  side,  arc  carried  so  far 
doirn  on  the  downthrow  side  that  thcydonot  reach  the  surface  at 
all, or, at  U-xst,  do  not  cn)p  out  in  the  ncigbhourhond  of  the  fault. 

b.  Dipfaulli.  These  arc,  in  general,  parallel  to  the  dip  of  (he 
beds  and  tbercfore  oos*  or  branch  out  from  the  strike-faults  of  the 
same  region,  more  or  less  at  t\^\m  angles; 
they  are  \e»  imporUknt  than  AlrikcfaulLs, 
havini;  gcnrrally  a  smaller  throw  and  less 
length.  Dtp-faulLt  cut  across  the  Mrike 
of  the  beds  and  Interrupt  the  continuity 
by  [mxlucing  an  oflset  in  the  outerofv 
The  outcrop  of  a  git-en  stmtum  ceases 
ahmptly  at  the  fault-line  and  when  found 
on  the  other  side  is  seen  to  Iw  shifted  for 
some  distance  along  that  line.  How-  such 
a  borisontal  shifting  U  brought  about  by  a. 
vertical  movement,  is  shown  by  the  model 
(Fig-  177).  In  I  i»  seen  ilie  mo<!el  tjefore 
faulting,  the  black  band  representing  a 
dipping  bed;  in  11  tlte  block  has  been 
faulted,  the  upthrow  side  remaining  as  n 
taull-scarp,  while  III  shows  ihe  scaip  re-  ?'»■  177.— «i>*<  ihowing 
morcd  by  denudation.     On   the  down-  ' 


by  uv.,™...«/...     ^..   I....  .."-..-      j.bdo«i..,i.mK:  Tl.%.«h 

throw  side  the  outcrop  b  shifted  away  bull  KaipiiBoding:  til, 
from  the  dip  of  ihc  bed*  and  on  the  up-  'i*  •""P  ~i~»e«i  by 
throw  side  toward  Ihe  dip. 

When  a  dip-fnult  cuts  aerotut  eroded  folds,  tlie  distance  l)etwcen 
the  outcrops  of  the  same  stratum  in  Ihc  two  limbs  of  an  anticline 
is  increased  on  the  upthrow  side,  rliminishing  on  Ihe  downlhmw; 
In  the  qrncUiKS  this  arrangement  is  rot-rsed.    This  is  due  to  vVa 
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fact  thai,  when  IkiiU  aides  are  planed  down  to  the  same  level, 
the  surface  of  ihe  ground  cuts  ihc  Ueda  at  a  lower  stroUgraphU 
level  on  the  upthrow  than  on  the  downthrow  side,  and  as  the  limbs 
of  an  anticline  diverge  downward,  the  oiiitTops  will  be  the  more 
widely  separated,  the  lower  the  level  at  which  they  reach  the  sur- 
face. The  limbs  of  ii  »yni.'line,  on  the  mher  luind,  coni-erge  down- 
ward and  the  cifect  of  the  fault  is  therefore  just  the  reverse  of  wliat 
otYiirs  in  ihi-  aniirliiie. 


PlO.  176.  — DmiC  of  tlrsHnvnr  fniill-pUinr-       i'',  ^.  li.  S.) 

opening  Al'.'n):  ib>'  l.nili 


The  holi:  1*  fcD  uti6ci»l 


c.  Oblique  Faults.  —  Dip-fault!i  do  not  alwa}'s  follow  the  dip, 
and  strike-faults  often  deviate  considerably  from  the  strike  of  the 
bed-*,  and  sometimes  the  fault  isneiihcr  one  nor  the  other,  but  mid- 
way between  ibe  two,  and  then  is  callfl  an  oblitjue  fault.  The  ont- 
crop  of  a  given  bed,  obliquely  faulted,  has  an  offset,  as  in  the  case 
~  '  a  iiip  f.iiilt,  but  if  the  fault  inclines  with  the  dip  of  the  Ktriitn, 
re  is  .1  j^ap  between  the  two  adjacent  ends  of  the  outcrop,  the 
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l^p  widening  us  (h«  line  of  f:iult  approximaie.t  that  of  strike.  If  the 
huh  hudes  in  (he  opposite  direction  from  the  dip,  the  two  ends 
of  the  outcrop  overlap. 

1.  Rkvebsed Faclts.  Thisgroup.asusuallydcfined.ismadclo 
include  lhru.Ms  (f-v.),  but  the  latter  arc  here  excluded  and  Ihe  term 
mtne4Jaull  comprises  only  ihiwe  trvie,  radi^  faults  in  which  the 
hanging  wall  has  been  pushed  up  over  the  foot-wall  and  there- 
fore forms  the  upthrow  *ide.  A  revcrse<l  fault,  which  almost 
alirayv  coincides  with  the  strike  of  the  Iwds,  implies  a  local  com- 
pression, for  the  l>e<Js  ocnipy  lew  ^pnre  lh:in  before  diAlocalion. 
In  a  la/Re  faulted  area,  normal  and  rcvcreed  faults  frequently 
ncmr  together,  comfiressJon  in  unc  place  com|>en»atinf(  for  leiiMOD 
in  another,  and  the  two  kinds  nf  displacement  appear  to  have  bcCD 
formed  at  the  same  lime,  or  in  done  sui  (fusion. 

IL  Horizontal  Faults  (or  lleavt/aulu).  ^  in  displacements 
M  lhl4  cla3(i  the  principal  <lirection  of  movement  is  horizontal, 
aod  ID  b'>rizontal  strata  may  readily  escape  detection.  \\'ben  the 
itimttk  are  inclined,  a  horizontal  displacement  produces  effects 
which  in  cnws-Mxtinn  cannot  be  distinguished  from  those  of  ordi- 
nary normal  and  rc^■e^scd  faults,  except  when  the  stria;  of  slicken- 
cittcs  remain  to  imltciitc  the  actual  dtrerti<m  of  mo\'ement.  The 
deceptive  appearance  is  c.vactly  the  counterpart  of  that  which  re- 
naltiE  from  the  t-eriicil  movement  of  a  dip-fault,  liy  which  the  offset 
of  ibc  outcrop  is  brought  about.  This  is  illustrated  by  the  model, 
Pi^  174,  ido,  whicb  show.t  that  if  the  hanging  wall  is  moved  in  a 
ifiroction  ufipoctte  to  that  of  the  dip  of  the  beds,  an  apparently 
oocmal  fault  results,  while  if  it  is  moved  in  the  same  direction  as 
the  dip,  an  appcirenily  revx-ned  fault  is  produced.  Horizontal 
faults  do  not  form  .war^js,  for  there  is  no  vertical  movement,  but 
in  certain  caic^,  as  shown  by  the  slriw,  the  mo^'ement  is  obliquely 
npward.  It  is  thus  evident  that  what  would  ordinarily  be  re- 
garded as  nortnal  and  rei-ersed  faulbi  of  the  typical  kind  may 
readily  be  (urmcd  by  the  »ame  movement.  For  a  long  lime  these 
heave  faults  were  sup[)osed  to  )>e  very  rare,  but  il)e>'  are  now 
komm  to  be  quite  common,  and  doubtless  \-cfy  many  fautts. 


i 


3S2 


KKACTURGS  AND  DlSLOCATlCOfS  OF  ROCKS 


which  have  btcn  rei^ardcd  as  noTmal  or  revetsed,  nil]  on  ftullwT 
»tuily  (urn  nut  U'  l>c  hcLVcs. 
UI.    Pivotal  Faults.  —  In  (aulu  of  the  preceding  ftroups  tliew 


Flc.  (79.  —  Model  llluiliiillng  lioriion- 

■gaidii  ihc  dip  uiil  producing  an 
■ppurenily  nminal  fkutt.  Upiici  fig- 
nrc  (Rindlfinl  from  R»nwimel  lilock 
aflradiitoeuion.  Loan  Aguic,  ctob. 
Mctloo  on  pline  ^V.ts*  i  HH.  Bif, 
(InlURi  trf  [dcrenco.  FFff.  faiult- 
pUD« 


Flc  lao.  —  Mcilel  ilTuslnling  borl 
!■!  bulling,  whh  hsntini;  null  mowd 
in  dimrtion  of  dip  and  producing  ta 
AppMienllyrrrmnd  f»till-  UpptTfig- 
ure  (modilird  iroia  kaniOfnc)  blacfe 
Adctdlilocaiion.  Ijciwcrllg«re,en«»- 
WKtkin  on  plunc  .f.£S£  LttMrinc  M 
in  Fi|;.  179 


I 


I*  npl  to  be  more  <>r  leu  rotiition,  bccausr  of  unequal  frictioa  1 
resistance  of  the  nulls,  but  in  certain  cAses  this  movement  of  rota- 
tion is  the  principal  one,  exceeding  any  mo>-cn]eiit  of  Uanslation, 
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ibcM  ate  the  pivotal  faults.    The  result  of  the  movetnent  is 

1  tbe  ban^ng  waD  drops  on  one  side  of  the  axis  of  rotation,  pn> 

duditg  a  fault  of  the  normal  tv-pc,  and  rises  on  ibe  other  side,  (ona- 

ing  a  rc%-erscd  fauh.    Thus,  one  and  ihe  siime  fmili  is  "  normal " 

in  one  part  ol  its  course  and  "  revcrecd  "  in  ihc  oihcr. 

I      S)-8tems  of  faults  of  difTercnl  daws  frequently  traverse  tbe  same 

■noon,  inlcrsecitng  ai>d  crossing  one  another  at  all  angles.    An 


iSi.  —  Hcnconul  ilkkenildn,  Oklaboma.    (U.  S.  G.  S.) 


older  fault  crossed  by  a  newer  one  is  itseX  faulie<)  and  ofTset.  Tbe 
intersect  in  jc  faulu  divide  the  roclcs  into  large  and  small  faultbloch, 
vhicb  are  generally  tilted  in  different  dire<.'ti»ns,  but,  as  a  rule, 
Ihcir  be<l»  are  not  stroniiily  folded.  As  was  pointed  out  in  the  dis- 
cussion of  earthquakes  (Chapter  1),  this  moeaic  (if  faullhloclts 
is  on  im[K>rt4ni  element  in  llie  prix}u<-t»on  of  sci<^niic  disiurbanccs. 
Tboagh  faults  often  occur  in  regions  of  strata  (Iiat  are  not  folded, 

J  A 
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there  ts,  net'erlhctess,  frequently  a  dose  connection  between  ! 

'  and  folils,  <?<[KXutl)'  munnclin^l  Hcxurc^,  which  su  often  jmsS  il 

faulti,  the  strata  bending  alonK  part  of  tbcir  course^  fracturing  a 

dislocsting  iu  another  part. 


Ftc,  ito.  —  Model  illusitiiing  piroUl  faalling.    Vfif*t  Rsnr*,  brfora  dblocat 
Lowei  ftgiue,  aiut  dlslocaUoo.    (J.  A.  R«M) 


TBBiusrs 


01)9 
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A  thrust  h  like  a  rwersed  fault  in  that  it  is  the  rwuJt  of  coB 

sion  and  that  the  incliiutioD  or  hade  of  the  fault  is  toward  ibe  i 

throw  side,  vhich  is  the  hanging  wall,  hut  liiitert,  in  the  teodency 
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a  boruoDtal  position  of  the  plane  of  fracture  and  in  the  a»iociation 
with  violent  t'ulding  and  |iEio:ili»ns.  in  hi:^  latest  work  on  (he  sub* 
ject  Mr.  Willis  divides  thrusts  into  the  following  three  groups:  — 
I.  Sdsrion  thnists  are  iho^e  in  which  the  fault-plane  is  I'ncle- 
fimdcni  of  any  ulilcr  Mruiturt^.iintl  incur  chiclly  in  the  crj-stallinc 


Fin.  183-  —  FoM 


HighgBW  Sprtajt.  VI.    (U.  S.  G.  S.) 


schists  (n>etjuiuir(>liic  rockii)  und  gnuiile,  and,  us  11  rule,  de- 
pnrt  but  iittle  from  borizontality.  Thrusts  of  this  kind  are  de- 
veloped on  n  greal  scale  In  the  soutltern  A[i(jaliu-hian«,  cspeciall}- 
tn  euteni  Tennessee,  where  thrusU  of  ao  mites  or  more  have  bem 
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obst-ncd.  On  an  even  more  (tiganlic  scale  Ihej'  ociur  in  ilw;  Higli- 
lands  of  Scoilarwi  and  Ntirway,  where  ihc  movement  of  translaiion 
amounts  to  75  miles. 

II.  Fold  thntsts  are  ultimately  <ronn«t«^  with  fold^  and  occur 
only  among  folded  swiimcntarj-  rocks;  they  may  arise  by  plivation 
and  inversion,  usually  lietween  an  overturned  anticline  aiKl  the  ad- 


PlO.  164.— ShwpfrjI'Miini'.l.  Die  H'Jrr  f...  ;  ,  \'.  ..■..':ii.ii;      iL  .  3,  ti.  S.)    ^Cnll 

oi  huflDg  wall,  OP  Id  I  of  dinui-piaiH^  thow  dng 

joining  synclincs,  ThrusU  of  this  character  arc  vor  widespread  and 
common  in  regions  i>f  stn>n^ly  folded  and  plicated  Mrata  and  repre- 
sent the  breaking  and  dislocation  of  rocks  in  the  process  of  folding- 
The  central  and  southern  Ap|iiilachian»,  Arkansas,  and  Oklahtima, 
and  the  northern  K»cky  Mountains  arc  the  regions  of  the  United 
Stales  where  great  thrusts  of  this  kind  are  mot*!  fre<)Ueni.  In  the 
:ter  mountains,  on  both  sides  of  the  intcrnutionu)  boundaiy 
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>.  ^<t>i  lcil<]-(br\i»ts  harr  tiirriccl  masses  ot  slnla  at  least  eight 
tu  ibe  eulwanl.     In  luUl-thru.>>L-(  the  pluie  ot  (li4ucaiinn  b 
bal  ftc«]>er  than  In  sd^oo-lhrwu  and  wtncliines  approxi* 
the  ilnpnaa  of  lypicd  reversed  fkulu.    (See  Fig.  49, 
p.  ijg.) 

III.  Soifacc-lhrusta,  ai«  ihcir  name  ifn[>lics.  ore  formed  at  the 
cwtb'f  HtrfacK,  where  a  rigid,  {t^nily  inclined  stmum  thai  crops 


I 

i 

4 


Two.  U^  — 8«rtM»4kru*l<rfiiiiaUdB|ilKeuHiit    (U,  S.  U.  &) 

I  <«  of  te  ptwnd  u  Mi1i)ecled  to  lateral  cnfupnanfuo  and  thnui 
fcr«ani  nvtr  the  UAtlrrlyini;  l>ed*.    Such  a  ixmilitiun  ante*,  for 

i  aia|ile,  wben  an  anticlinal  fuld  has  been  (ilaacd  down  by  crusloo, 
» thai  aoow  of  the  bed*  lying  on  the  ftanL*  ii(  the  fold  an  Inin- 
cMed  and  cnip  uui  ftvely:  when  renewed  rampreidorn  it  applied 

I  Mike  fold,  the  aum  rigfti  )>ril  will  lie  ptishnl  rnrward  otvr  the  heda 
r  to  iiiaj  Ik  fractured  and  ut-crthruit  tuA  tar  bduw  the 


I 
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surfarc,  iis  .shuwn  in  Ihe  6g\m  {FiR.  186).  Instances  of  surface- 
Ibnists  have  not  bc«D  idcnlifwd  in  great  numbers,  though  there  b 
no  reason  to  doubt  that  tbcy  arc  common,  for  they  cannot  alwa}'s 
be  distinguished  from  ftiW-lhrusts  without  careful  study.  They 
ha^'e  been  found  in  the  southern  Appalachians  and,  on  «  great  scale, 
in  Montana. 


Fia.  it&  — Sarfocs-thnut,  HallT  Crcrk.GcoitU.    (Hajet) 


The  Causes  of  Folrixg  and  Disux-atio?! 
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like  all  processes  which  take  place  deep  within  the  interior  of 
the  cnrlh,  the  causet  of  crustal  deformations  are  vTcy  obscure  and 
there  is  much  difference  of  opinion  conceminR  them.  The  view 
which  i*  held  a.i  to  the  ifhj-sical  state  of  the  earth's  interior  will 
necessarily  condition  the  explanation  of  folding  and  faulling,  which 
is  but  one  special  aspect  of  the  general  problem.  Any  complete 
theory  must  of  course  contain  a  satisfactoo'  soluti<Mi  of  all  the 
problemsin^'olved,  but  suchalheon-liasHiill  lo  be  propounded  and 
for  the  present  vre  must  be  content  with  tentative  hypotheses. 

The  fintt  step  in  the  inquiry  is  to  deti-rmine  the  direction  in 
which  the  foldin);  force  acted.  At  first  sight,  it  might  seem  natural 
to  su)>|>o»e  that  (he  direction  of  the  force  was  %-eriir^illy  upward, 
actinf;  with  maximum  intensity  beneath  the  anticlines  and  with 
minimum  intenKitr  licneiilh  the  .«yneline«.  liul  .tuch  an  exptnna- 
lion  cnuld  apply  only  to  open,  symmetrical,  and  simple  folds, 
"vl  tvta  in  tliesc  casea  is  not  satisfactory.    Fokled  strata  must 
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either  occupy  less  space  transversely  than  they  did  before  foldinf;, 
at  else  tlKv  must  have  lieen  stretched  and  made  much  thinner,  but 
a  curoparison  of  continuous  beds,  in  the  flexed  and  horizontal 
pans  iif  tlietr  course,  show»  no  such  thinning.  Again,  such  iin  ex- 
planation b  obviously  insufficirnt  to  account  for  closed,  inclined, 
uwl  inverted  folds,  for  contortions  and  plications,  and  for  flexures 
of  different  orders,  one  within  another. 

If  the  foldir^  force  did  not  act  vertically,  it  muiit  ha\-e  acted 
borizonlally,  and  this  is  the  cxi>Unaiion  now  almost  universally 
accqjted.  A  horizontally  actins  force  would  compress  and  crumple 
up  the  beds,  pnxlucing  dilTcrent  types  of  flexure  in  acairdantc 
with  ranring  circumstances.  Furthermore,  the  miciioscopic  study 
of  intensely  fi>l<Ied  nicks  shows  lh;il  they  have  actually  Ijcen  com- 
pressed and  mashed,  and  (he  minutest  plications  are  visible  only 
under  the  micrtHcope. 

Assuming,  then,  that  the  folding  force  was  one  of  coRipressjoa 
and  acted  liorixon tally,  we  ha\'e  next  to  consider  the  circumstances 
whkh  modify  the  result,  producing  now  one  form  of  flexure  or 
(ratiare,  now  another.  Such  modifying  circumstances  arc  the 
depth  to  which  a  g;ivrn  slnilum  is  buried,  its  thickness  and  rigidity, 
the  character  of  the  beds  which  are  above  and  below  il,  and  the 
intensity  an<l  rapidity  with  which  the  Hexing  force  is  applied. 
U1>en  in  a  mountain  region  one  sees  the  manner  in  which  vast 
masses  of  rigid  straUt  are  folded  and  crumpled  like  »a  many  jheels 
of  paper,  one  perceives  the  enormous  power  which  is  involved  in 
tbcM  oi>erai(ons  and  the  grxlual,  «leiidy  way  in  which  that  ]>ower 
must  have  been  exerted.  ^\'hen  strata  are  buried  under  a  suffi- 
cient deirth  of  overlying  rtxk  t<i  crush  ihem,  they  become  virtually 
plastk  and  yield  to  the  compressing  force  by  bending.  The 
movement  wouW  seem  not  to  l>e  a  true  molecular  flow,  but  rather 
B  gliding  of  titc  mineral  particles  one  upon  another.  At  sudi 
relatively  great  deptlis  cavities  cannot  exist,  and  if  the  compressed 
rock  should  Ik  bniken  by  the  compression,  the  piirtiiles  are  again 
welded  together  into  a  lirm  ma.s.<!.  Wc  may  accordingly  distinKuish 
a  thrti  o/ftwage,  in  which  the  rocks  all  yield  plasHw^VVy, «,  noR 
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superficial  Aeil  o/fraeture,  in  which  all  but  the  softest  roclts  iHcak 
on  compmsiuD,  and  bttwetn  llie  lwt>  a.  thtll  of/nidttre  and  fitrxf- 
ag^  in  nbicb  some  rocks  break  and  others  bend,  according  to 
th«ir  rigidii}'.  The  def>th  of  the  lEone  of  Rowafpr  is  esiinuilcd  M 
aofioo  to  30,000  fcvt  bvlow  the  surface. 


•aidii 


Pic.  TS7.  — Folded  and  (mvlurnl  ironoraand  j»pilitr.  Lake  Superior  1 
Abom  H  natiinl  site 


Strata  which  Ituve  not  Iwen  buried  to  a  suRicicnt  (kpth  to 
make  them  plastic,  will  yield  to  compression  by  breaking,  (hough 
whether  a  >[iven  bed  h  faulted  or  flexed,  will  often  dqwm)  upon 
whether  the  folding  force  is  applied  slowly  or  with  comparalive 
idiiy.     A  force  long  acting  in  a  slow  and  steady  fashion  will 
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iaet  folds,  when  the  same  force  applied  more  suddenly  M-ould^ 

4tcr  the  beds,     Near  the  surface,  under  lighl  Itwds,  rigid  rocks 

will  always  break  rather  than  bend,  when  compressed,    Differ«nl 

stratified  rwks  differ  much  in  (heir  rigidity,  and  hence  a  load 

which  is  sufficient  to  cause  one  bed  lo  bend  and  Bow,  when  laier- 

ally  cum  pressed,  will 
leave  unuthcr 
fected,  or  cause 
break,  if  the  comj 
ing  force  ovenr«m«i 
sircnpth.  In  Bald 
Moiinljiin,  New  York, 
ihe  siiff  limcsloncs  are 
left  unchanged  by  a 
pressure  which  has 
(- mm  pled  .ind  contorted 
the  soft  shales. 

A  cerlwn  amount  of 
Hfjiule  folding  may  take 
place  immediately  at 
thr  siirfiice  and  has 
actually  been  observed 
in  process  of  formation, 
even  in  rigid  rocks.  In 
WisionAJn  the  limettone 
bed  of  the  Fox  River 
suildenly  arched  upward 
int'i  a  low  anticline, 
criLihing  and  bending 
the  steel  columns  of  a 
mill  \«liich  had  been 
built  at  that  stwI-  The 
bed  of  the  Chicago  drainage  canal,  abo  in  limestone,  curved  up- 
ward in  similar  fashion,  when  the  excavation  had  removed  the 
gvcrlying  loiod.    Very  many  other  surface  folds  are  demonslrably 


Fli;,  iSy.  — I'lk»l«l  II mcilonff,  Willi  •.Ur.:'  ,-J  \^nr. 
oi»  rocfc.  near  Rocklnnd.  Maine.  (U.  S,  G.  S.) 
ThB  limulon*  bat  lltnred  umlir  coinpiestlon, 
uid  ibc  IgDtcos  rack  tuu  fracnired 
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of  vcr>'  rcccfil  origin.  Folds  of  this  character  are  due  to  a  f;e»tlc 
iiii<l  grailuaJ  Luinpreision,  lo  which  the  strata  ricld  by  a  read- 
justment of  ihc  joint-blocks  of  which  Ihc>'  arc  made  uj>. 


^ 


'IC.  19Q.  —  Moitci  itiov'lng  ihe  iMp  of  foldcil  bcili  upon  one  anotliei.    IWilllt) 

A  factor  of  much  importance  in  determining  the  character 
and  position  of  folds  is  the  mode  in  which  the  Mrata  were  originally 
bid  flown.  As  we  have  already  learned,  the  sheets  of  sediment 
which  cover  the  sea-       _  ' 

bottom  are,  on  a 
large  scale,  nearly 
level,  but  iliey  often 
show  slight  depar- 
tures from  such 
borizonlxility  along 
certain  lines.  These 
iniliiil  dipt  ofien 
determine  the  place 
of  flexure*,  licv.n. -lj 
they  divert  ihecom- 
pre!(»ion  from  its 
horuEontal  direc- 
tion. 

The  effects  of  bt- 

eral      comnress>on 

.                  Va*.  ^*^'  I9I-  — Model  ihmloc  elltcti  of  luctml  oompre»- 

Sliown  m   l-ig».  j^j,     .<, InJore  folding. iirlih»lljhilniii«l  dip «  jf :  fl. 

and  191,  taken  c;AI>>n>ri<»n*itic««orcontptanh>n.    V^^>mt 
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from  ihc  models  c.vpcrimcntcd  on  by  Mr.  Willis,  which,  wbcn 
slrwngly  roinprcwwt,  imitsilc  with  rcm;irkiilile  accuraiTf  lh<!  struc- 
tures which  may  be  observed  in  folded  rocks.  Fig.  i<josbows  tbat 
in  folding,  ibc  bwls  must  slip  upon  each  other,  ii>  is  pruved  by 
the  lines  ])crpcndicular  to  the  bedding-planes,  which  were  contin- 
uous before  fii!(lin^%  but  in  the  anticline  are  broken  by  Ibc  differ- 
ential motion  of  the  layers,  each  bed  rising  farther  up  the  slope 
than  the  one  beneath  it.  The  same  thing  must  occur  in  folded 
rucks,  which  sometimes  show  polished  bnldingptiincs,  due  to  ihc 
slipping  of  the  beds  upon  one  another.  The  scries  .4  to  />  (in 
Fig.  igi)  represents  n  model  before  and  in  various  singes  of  biterd 
compression,  and  exhibits  the  effect  of  the  siiRht  initial  dip  at  x 
in  determining  the  jiosilionof  iheanlictiiial  fold,  which  isdevdo]>cd 
by  compression,  The  formation  of  one  fold  assists  in  the  develop- 
ment of  another,  f<ir  it  both  changes  the  direilion  of  cum|ire»«i(in 
and  redistributes  the  load  of  overlying  strata.  The  arch  of  Ihc  anti- 
cline lifts  the  load  and  diminishes  the  weight  upon  tbc  beds  llat 
lie  beneath  the  flexure,  but  increase*  the  weight  ujion  the  lines 
from  whic4i  the  arcb  springs. 

There  is  much  inde[>endent  evidence  to  rfiow  that  folding  is  a 
gradual  process.  The  force  exerted  is  enormous,  but  so  k  abo 
Ihe  resistiincc  to  l>e  Ok'ercome,  an<I  a  .steady  or  oft-reitewcd  com- 
pression, acting  upon  strata  under  a  great  load  of  orcrlytnx 
masses,  will  produce  regular  flexures,  where  a  sudden  com])Tesstoni 
however  intense,  could  only  shatter  them. 

Thrusts  arc  likewise  due  to  lateral  compression,  by  which  tl»e 
rocks  have  been  sheared  and  bniken,  and  the  beds  on  one  side  of 
the  plane  of  fracture  have  been  thrust  up  over  those  on  Ihe  other. 
A  plication  or  overturned  fold  may  often  be  tnitetl  Into  a  thrust, 
in  a  way  that  shows  the  direction  of  movement  to  have  been  the 
same  in  both  fohi  and  fracture.  Numerous  experitnenU  aho  fhow 
that  lateral  compression  will  prod\icc  just  such  structures.  A  re- 
duction of  the  overlying  load,  by  diminishing  Ihe  p]a.slicity  of  tbc 
rocks,  will  occasion  shearing  and  overthnists,  when,  under  a 
r  load,  the  same  strata,  exposed  to  an  ccjual  force  of  compres- 
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sion,  win  simply  fl«  and  bend.  As  we  Iwivt;  seen  (see  Fig.  186), 
an  unticlinal  fold  whose  bad  has  been  reduced  by  craaion,  will,  on 
renewed  comiirts&ion,  fracture  and  develop  a  thrust. 

White  thrusts  are  iu^ociaied  with  iiulcnt  folding,  overturning 
an<l  plication  of  strata,  faults  uccui,  as  a  rule,  in  tejttonti  where 
fulijtng  is  aluftcnt,  or  very  subordinate,  or,  il  in  areas  of  folded  rocks, 
the  faults  were,  generuDy  ut  least,  formed  at  a  period  more  or  lets 
subsequent  to  the  period  of  folding.    The  association  nf  the  differ- 


ent  classes  of  faults  shows  that  locally  tension  and  compression 
may  be  generated  in  the  »n)e  area  and  pm)>ably  simultaneously. 
Reversed  and  horizontal  faults  are  due  to  compression,  the  force 
in  the  lallercase  acting  {)anillel  to  the  fault-plane  and  inthefonner 
case  acroKi  it,  while  normal  faults  arc  the  result  of  a  local  tension. 
It  is  sItU  an  of>cn  question  bow  these  local  compressJons  ami  ten- 
sioDs  are  Kei>crate<I. 

One  explanation  is  that  stKh  phenomena  are  developed  In  ie> 
gions  that  have  been  raiiied  by  upwarping  abo^■e  a  j^itkn  u(  u&v 
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quate  support,  vrhence  results  a  system  uf  fracturei  nnd  the  settling 
and  readjusting  of  the  fault-blocks,  "  U  wc  cndca^ur  to  leniure 
a  sy»lem  of  nonnal  fault-blocks  to  lb«  retallom  which  tl>ey  may  ha%'C 
had  before  faulting,  u-e  must  commonly  construct  a  dome-shaped 
figure  of  !M>me  sort,  who»e  surface  oixupies  m<»re  npux  (hitn  tbe 
displaced  blocks  occupy.  That  is  to  say,  in  any  cross-soction  an 
elongated  arc  has  In  co>i.«e<ju«nce  of  faulting  Iteen  bnught  into  a 
shorter  chord,  cominotily  by  bringing  the  narrower  parts  of  wedges 
into  jiuia position.  .  .  .  The  doming  may  pR>du<-e  elongation  or 
stretching  in  superfKiaJ  sections  at  least,  and  thus  tend  to  provide 
(he  o|>ponunily  for  the  det-elopmeni  of  planes  whose  attitude  is 
that  of  the  normal  fault-plane.  In  so  far  as  the  inadcqtiacy  of 
»U);^n  gives  rise  to  vertical  displacemcnii.  part  fiassu  witli  the 
stretching,  the  blocks  will  adjust  themscK-cs  with  reference  to  each 
other  by  relative  displacement  in  tbe  direction  of  maximuro  strets 
and  least  resi;«tance.  ...  In  this  process  elongation  is  the  pri- 
mary condition  and  a  settling  down  of  the  bloclis  is  a  result. 
Through  that  setlHnK  a  seronilarj-  effect  uf  compression  ts  set  up. 
The  large  mosses  l>ecomc  wedged  against  one  another,  and  as  their 
miigiiitude  is  .luch  that  their  own  weight  is  sulTicienI  to  deform 
them,  they  suffer  more  or  less  folding  and  even  re^'crsed  faulting  as 
an  after  effect.  .  .  .  We  may  rea.wnably  expect  lo  find  some  re- 
wracd  faulting  in  connection  with  normal  faulting  whc^c^'e^  the 
latter  is  developed  on  a  truly  large  scale.  The  absence  of  folding 
or  reversed  faulting  could  imly  follow  in  case  the  blocks  were 
free  to  move  outward  to  the  extent  demanded  by  the  elongation 
due  to  the  aititwles  of  the  normiil  fimll -plants.",   (Willis.) 

In  some  cases,  normal  faults  are  due  to  pressure  acting  along 
and  parallel  to  the  fiiult-plane  and  causing  the  strata  to  arch 
gently  upward  on  the  upihrow  side,  downward  on  the  downthrow 
side.  Faults  of  thisd.tss  have  been  ohscncd  in  central  Penn>yl- 
vnnia,  Tennessee,  and  Alabama.  Thnugh  due  thus  lo  pressure, 
a  tension  is  dc^"cloped  across  the  fault-plane. 
Quite  a  dilTerent  type  of  explanation  seeks  lo  account  for  the 
"lenomcna  of  faulting  by  the  transfers  of  molten  ntagmas  deep 
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within  the  eailh.  In  certain  regions,  as  in  the  Tonopeih  district 
ut  Xevada,  it  has  iKcn  made  exceedingly  probable  that  such  ttans- 
fcrs  are  the  actual  cause  of  the  (rncturing  and  d!»lociition  of  strata, 
and  saome  observers  would  ^vc  ihis  principle  a  widespread,  if  not 
3  general,  application.  "  Not  only  are  the  violent  migraiionti  of 
tgneuiLi  material  the  cause  of  complex  faulling,  but  also  it  is  most 
rcaacHuibk  t»  conceive  that  the  deeper  and  more  gradual  move- 
ments of  the  subcrust  arc  the  cause  of  the  larger  fault  systems. 
.  .  ,  Oi^'cn  this  cau»e  of  faulting,  the  heretofore  puzzling  fartx  are 
satisfactorily  and  easily  explained.  Compression  and  tension  still 
remain  true  cau&es  of  faulting,  but  mainly  as  loc^  and  proximate 
ones.  The  common  expression,  lilting  of  fault-blocks,  attains  a 
deeper  significance,  for  this  lilting  may  be  moce  largely  tlie  result 
of  subcrust  migrations  than  of  ihc  mere  fune  <if  gra^-ity.  Cases 
of  horUontal  motion  and  pivotal  motion  become  simple,  for  there 
fe  no  nev-es»;iry  unchangeable  relation  between  the  direction  of  the 
force  and  the  position  of  the  fracture-plane."    (J.  A.  Reid.) 

Even  if  it  be  granted  that  the  eiTective  forces  which  cause  the 
folding  and  dislocation  of  rocks  are,  in  the  last  analysis,  a  horizon- 
tal or  tangential  comprension,  it  fttill  remains  to  inquire  how  this 
great  force  was  generated.  There  is  no  general  agreement  coticcm- 
ing  the  solution  of  this  problem.  For  a  lonj;  time  it  was  supposed 
that  a  satisfactor>'  solution  was  given  by  the  contraction  of  the  earth 
firom  cooling,  and  perhaps  the  majority  of  geologists  still  adhere 
lo  this  view,  which  may  be  briefly  cxprt^ssed  as  follows:  The 
lartb's  crust  long  ago  reached  a  state  of  fairly  constant  tempera- 
ture, hut  the  highly  healed  interior  is  steadily  cooling  by  radiation, 
and  conse()UeniIy  contracting.  M  the  crust  cannot  sU|i|iort  tli«lf, 
it  mu.Ht  follow  the  shrinking  interior,  and  is  thereby  crowded  into 
a  smaller  space,  thus  selling  up  irresistible  lateral  stresses.  If  the 
earth  were  homogeneous,  its  surface  would  be  wrinkled  all  over, 
aa  is  the  skin  of  a  withered  apple,  of  which  the  pulp  contracts  from 
loss  of  water,  crowding  the  skin  into  a  smaller  s[Kice;  but  ta  the 
cnisl  is  heterogeneous,  with  s)>ecial  lines  of  neakncss,  the  compres- 
sion results  in  the  formation  of  long,  narrow  bells  of  (oldeil 
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rocks,  Mparaled  by  broad  areas  of  relatively  litllc  disturl 
strata. 

The  conlraclional  hvpoihc^is  has  been  attacked  from  many  points 
of  view, and  very  serious  doii I H  has  been  thrown  upon  it»  adetiuucy 
to  explain  the  facts,  and  <r\'cn  upon  its  reality,  A  modification 
of  this  hypothesis  has  In-cn  ]>roj>oted  by  Profexsur  Chainlierlin, 
who  rc^rds  the  downward  movement  of  segments  of  the  earth's 
cruxt  as  ])rimary  and  the  hori«)ntal  movements  a$  inddenia]  to  the 
former.  The  ]ithot.phere  b  regarded  as  made  up  of  a  number  of 
heavier  and  stn:>Ti{i;erscKmeiiiii,  the  surface  of  whirli  forms  the  ocean 
basins,  and  of  lighter  and  weaker  segments  which,  on  the  surface, 
are  the  continental  platforms.  The  Rencial  7lirinlcaKe  of  the  earth 
causes  the  iKconic  segments  lo  descend,  compressing  the  lighter 
continental  segments  and  producing  belts  of  folded  rocks  upon  their 
borders. 

The  study  of  the  radio-active  substances  and  their  distribution 
In  the  tikTu^  of  the  earth's  cru&l  has  led  some  observers  to  the  con- 
clusion that  the  earth's  loss  of  heat  is  fully  compensated  by  radio- 
activity and  that  x:n<-e  a  \'ery  early  period  in  the  history  of  the  globe, 
there  has  been  no  shrinkage  at  ail,  a  standpoint  which  others  have 
reached  from  entirely  different  line*  of  evidence  and  rcisoning. 

An  elcmcniary  text-book  is  not  the  proper  place  for  the  discus- 
sion, or  even  the  full  statement,  of  all  the  different  h>iHiihese3 
which  ha\'e  been  proposed  in  explanation  of  these  most  difTicuit 
I  problems.    Suffice  it  to  say  that  all  the  questions  concerning  ilw 

I  mechanics  of  the  earth's  interior  ore  bound  up  together  in  nn  in- 

divisible unity  and  that  the  full  and  satisfactory  answer  to  any 
I  question  will  involve  the  Hulution  of  all  the  cognate  jiroblems. 

L 


CHAPTER   XIV 


JOWTS.  —  STRUCTURES   DtJE  TO   EROSION 

With  tHe  cxce|)(ion  nt  loose,  incoherent  masses,  such  as  soil, 
pravcl,  sand,  etc.,  ail  rocks  which  are  acces.'ilile  lo  obsrnaiion,  are 
divided  iiuo  likM'ks  of  greater  or  k-ss  sue  by  syMems  of  cnidut 
and  crevices,  which  arc  known  as  joints.  These  may  be  easily 
observed  in  any  sione- quarry,  where  they  «re  taken  advantage  of 
in  getting  out  the  stone. 

In  the  igneoui  rocks  atl  the  division  planes  which  separate  the 
btoclu  are  true  joints,  which  van,-  pcally  in  their  number  und 
manner  of  interse<Hion  and  in  the  con^ctiucnl  shape  of  the  joint- 
blocks.  Fine-grained  basalts  display  a  verj-  Rcucral  lendejicy  lo 
Mtumtmr  jmnlinf,  forming  ntore  or  le«»  regularly  prismatic  columns, 
whi<h  are  commonly  hexagonal.  Several  modern  lavas  (see  p.  76) 
display  these  hexagonal  columns,  as  do  the  ancient  l)asalu  of  very 
many  regions  In  certain  ciiscs,  as  in  the  famous  Giant's  Cause- 
way of  Ireland,  the  columns  are  divided  tr,ins\'cise]y  by  conca^-e 
joints,  gi^Hn^  a  boll-and-siKket  arrangement  which  has  a.  curiously 
anifidal  appearance.  Although  the  reguUr  hexagonal  columns 
are  UMi&t  frequent  among  the  6ne-griiine<i  biUHills,  they  also  occ»ir 
tn  the  coarser  rocks  of  the  gabbro  family  and  in  other  families 
abo.  The  add  gb-ts  of  OWidian  Cliff  (^ee  Fig.  s6)  shows  c»)um> 
nar  jointing,  and  the  phonolitc  of  Mato  Tcpcc  in  South  Dakota  is 
jointed  in  magnificent  columns,  and  many  otlier  examples  might  be 
cited. 

In  many  of  the  granites  and  other  coarK-gmincd  igneous  rocks, 
the  joints  divide  the  mass  into  cubical  blocks,  or  into  long,  rectangu- 
lar ptiuns,  ur  into  bnuid,  sbb-likc  phitcs.  In  others,  again,  the 
blocks  are  of  exceedingly  irregular  form  and  size. 
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Kj,  —  P]*tj  jolntini:  in  diatusr  -  *1)ot-«.  tphnroidiil  wnilliFitng  anil  mnvnoD  to 
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JOINTS 


In  sedimentan'  rocks  tlie  joints  arc  ordinarily  in  only  tvo  ptaDes, 
the  Ulirtl  being  given  l>y  tin-  lii-'iilinR-iil.Tncv,     In  liomogeneous. 


heavily  bedded  scdimrnts,  such  ns  linmtoncs  and  massive  i^Dd- 
atoDCk,  Uic  Joinid  are  upt  to  form  cultical  or  rcctiUv^uVu-Ytn^^nuvVw:. 


JOINTS 


UodLv,  milking  a  wxatlif  red  cliff  look  like  a  gigantic  wall  < 
masonry.    Other  Mrdimeiiiaiy  rocks  are,  as  a  rule,  niore  irrc 
Jointed. 


I  '*.■        i.;,iu,ir  juinting  ingnRu.Lillk  l-'jiItB,  N.Y.    (Ptologitph  by  vm  Ini 


Joints  are  of  vay  difTrrent  orders  of  importaDcc:  some,  the 
MAjJ/r  joinis,  Imvene  many  str.-il.-i  and  remain  ronstnni  for  lung 
distances  and  considerable  depths,  whik-  each  layer  usually  has 
Dunor  joinU  which  arc  confined  lo  that  bed.    One  set  <A  ^Xff.^^ 


I 
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Ihc  ilrikf-  j&inis,  run  more  or  less  parallel  to  the  strike  of 
bwls,  wliiie  the  sciimd  set,  the  dip  jotnh,  foUiiw  iht;  tlijn  the 
fonner  are  usually  the  longer  and  more  conspicuous.  Oblique 
or  diaffonaJ  joints  intersect  the  other  two  -ivstems,  and  many  irregu- 
lar crocks  may  occur.  In  general,  lh<-  more  (iisturbed  (he  rocks 
have  been,  the  more  broken  they  arc. 

Cause  of  Joints,  —  With  regiirxl  to  the  tnimner  of  their  pmduc- 
lion,  joint?,  may  be  classified  into  two  scri«:  (i)  those  wbich  are 
due  to  tension,  the  rock  tiKually  parting  in  plunes  normal  to  the 
directions  of  tension;  (a)  those  which  are  due  to  compression, 
the  cntcks  forming  in  the  sluMrinjcp'""^- 

(i)  Tension  Joints.  —  In  igneous  rocks  joints  arc  caused  by 
the  eooting  :in(l  con»e(|ue[it  contraction  of  the  highly  heated  mass. 
This  shrinkage  sets  up  tensile  stresses  in  the  mass  to  which  the  rock 
yields  by  emeking  and  psirltng,  the  shape  of  the  block.''  beiii^  lirg^y 
controlled  by  (he  coarseness  or  Oneness  of  (he  mass.  Igneous  rockfi 
are  subjec(  to  ail  the  vici.^itudes  which  affect  other  kinds  of  tricks; 
they  arc  faulted,  c<im])rew{'d,  exjxiscd  to  lens-ion,  etc.  Hence, 
systems  of  joints  may  occur  in  them,  which  were  formed  sul»ie> 
qucntly  lo  the  shrinkage- joints  due  to  the  contraction  t>f  cooling. 
In  some  cases  (he  jointing  of  sedimentary  rocks  may  pcrhajte  be 
caused  by  a  shrinkaKe  "f  ibe  mass  on  drying,  but  this  cdnnut 
an  important  method  of  producing  systems  of  joints. 

The  convex  sides  of  :iiiticliiial  and  synclinal  folios  are  stretc: 
and  (prorided  they  arc  not  too  deeply  buried)  the  stretching  may 
result  in  a  system  of  craclm  radial  to  the  cur\-es  which  follow  the 
strike  of  the  beds.  Folds  arc  not  horizontal,  but  pitch  in  (he 
direction  of  their  axes.  This  complex  foldinR  may  produce  tn-o 
sets  of  tensile  stresses  perpendicular  to  each  other,  and  thus  cause 
two  series  of  joints,  one  following  the  strike  and  the  other  the  dip 
of  tbebwis.  Complex  folding  must  priHtuceatwislingand  warping 
of  the  strata,  and  it  has  been  experimentally  shown  that  a  brittle 
substance,  when  twisted,  cracks  in  two  sets  of  fractnres  which 
intersect  nearly  at  right  angles.  How  slight  is  the  twisting  and 
WBn>ing  needful  to  produce  joints  u  yhown  by  tlie  fact  that  strata 


CAUSE  OF  JOINTS 


which  are  perfectly  horironial,  so  far  as  can  l>e  defected,  are 
jointed.  Tbc  modern  limestones  which  arc  formed  in  coral-rocfs 
are  jointed,  even  in  casesi  where  the  moveniciiLs  rcsultJnf;  in  fracture 
must  have  been  minimaU 

Tension  joints  pn)duce  either  rou^h,  or  smoolh  and  sharply 
cut  .surfaces,  which  is  determined  by  the  character  of  the  rock. 
la  santktonea  which  are  we^ly  ccmcotcd  the  cracltii  pa»i  be- 
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ncen  the  grains,  while  in  bard  and  &nn  rocks  the  fractures  arc 
deao. 

(3)  Compreiiion  Joints  art  caused  when  the  rocks  yield  along 
Ihc  iihcarinfc  I'hineH.  In  dimply  folded  strata  are  pro<lu(«>l  Imi^  »ets 
of  strike  joints  which  are  inclined  toward  each  other,  but  wheihcr 
dip  joints  will  be  made  by  complex  folding  is  nut  certain.  In  M>me 
conglonicrates  the  joint  pUnr«  puss  through  the  hard  quartz  pebbles 
and  leave  a  smooth,  even,  shining  face.    Tension  would  pull  such 


17^ 


yxtns 


z  IwbUe  out  of  its  mckd  and  tmij  b^  Bbcariag  coold  il  be  deohljr 
cut. 

Tbc  whole  MibJMt  u(  joints  in  MvlitnntLinr  rorks  ts  »  difficuh 
ooe  and  tbe  cxplaDStione  givcD  of  thrtn  arc  not  altogeiber  salisfK- 
tot^,  fur  tnenl  utber  a^cncia  nnjr  be  tiivol%-ecl  in  tU-ir  produc- 
tioD.  Il  is,  boweva.  hif^ty  prolnble  thai  ihr  masier  jmnis  which 
roi^hly  follow  ibe  strike  and  dip  of  ibc  sinut,  have  been  fiauscd 
by  (be  forces  which  produce  fotdin^ 


-   ^ 


Fin.  191.  — Jolnti  <l;in^  omv  •io<-uv.ii^.  >)iuan  tf)  pinchmg  oul  of  vrtilK  lalcin 
Ynni.    ( Pli<iloiinil>li  liy  tiii  Ingrn) 

JointH  cjinnot  occur  in  the  shell  of  flowage,  and  are  besl  dcitl- 
oped  in  the  shell  of  fracture,  being  of  lc<^  importance  in  the  transi- 
tion bell  between  the  two. 

StRITCTUBES    DITE   TO    KkOSION 

Unconfonnity.  —  \Vc  hare  hitherlo  considered  tbc  stratifKd 
&»  made  up  of  beds  which  follow  upon  one  another,  in  orderly 


UNC0NK0T5MITY 


sequence,  and  as  being  affccled  alike  b>-  the  elevation  or  dcpresioD, 
folding  or  dislocation,  to  which  Ihcy  may  Imve  been  «uh]e<.-Ied, 
StraU  whkh  have  (hus  been  laid  down  in  uninterrupted  succession, 
with  sensibly  parallel  bedding-planes,  and  which  have  been  simi- 
larly iilTiTieil  by  movements,  are  said  to  bi^  ranformahU,  and  the 
slructuTc  b  called  conjormity.  In  many  places,  however,  the  strata 
exposed  in  a  section  are  very  obviously  divisible  into  two  groups, 
each  made  up  o(  a  scries  of  conformable  beds,  but  the  upper 


FlO.  t9».—  U>c«olanfiM)'iiiifa  chance  of  dip,  or  utsuUiiUMonkiimltr 


group,  as  a  whole,  is  not  conformable  with  the  lower,  but  rests  upon 
its  ufitumcd  edges,  or  its  erwled  surface.  The  two  gmiiji'  are  said 
to  be  uneonfimnabte  and  the  structure  is  named  unconformity. 
The  definition  of  unconformity  here  given  includes  cerlain  not  un- 
common slrudurcK,  which  must  be  distinguished  as  having  quite  a 
different  significance. 

Unconformity  is  of  two  kinds:  (i)  There  Js a  distinct  difference 
in  the  dip  of  the  two  sets  of  strata,  the  up|)cr  be<ls  lying  across  iIk 
upturned  and  truncated  edges  ol  the  lower.    This  is  the  more 


A 
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uctuiv> 


usuaI  kind  and  h  shown  in  l-'i^.  199-301.  The  siructti 
plies  ibai  the  lower  scries  of  beds  was  fire!  laid  down  under  wa 
and  that  ihe.ie  l>ed»  were  (lien  upturned,  liltcd^or  foldird  to  ton 
land  surface.  Lrosion  next  truncated  the  folds,  planiof;  the  ed 
of  the  disturbed  beds  down  to  a  more  or  le.>ui  level  iturfiicc.  1 
land  surface  was  again  depressed  beneath  the  water,  and 
second  set  of  strata  was  de[)osilcd  upon  it.     Finally,  a  rrne^ 


Fic  »oa  —  Angular  unconformity.  (>rui>l  Caflon  ol  the  1 
(Pholiigrk|ih  by  Slnclulr) 


Btion,  accompanied   perhaps   with   foldirtf;  or   faulting, 
light  both  series  of  sinita  nbove  the  scu-le^el. 
While  the  older  beds  formed  a  land  surface,  they  were  cnx 
and  no  deposition  look  plate  upon  them.    Consequently,  bilm 
the  two  sets  of  strata  is  a  gap,  unrecorded  by  sedimentation 
that  point),  the  len^h  of  which  repreHenL*^  the  lime  that  the  oli 
I  were  above  water.    Tlic  processes  invoKxcI  in  an  unconfoi 
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kr  UT  al  tkm  opcralion.  »>  that  th«  gagi  i»uAlly  imjilict  a  very 
hm  lapse  of  time.  In  many  coses  whole  geological  ages,  o(  in- 
lllmhMf  dtnalioB,  hat-c  inlGrvcned  between  tl>e  ilc|josiluin  ot  ihe 
laograap*  of  Mnu. 


An^fas^ 


■■■iiM  a<  lh«  ibalf.  I>  00»- 
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(3)  In  the  second  kin<l  (if  unconformity  (he  two  groU[>s  of 
sinit;i  have  the  same  dip.  the  upper  series  nslhig  ujion  [he  eroded 
surfaces  of  the  lower.  The  proiesse*  in«)K  wl  in  this  kind  of  uncon- 
formity lire  nwirly  the  same  as  in  the  fini,  so  far,  at  least,  as  the 
alternation  of  land  >urracc  and  aeabotiom,  elevation  and  dc^rcs- 
aion,  are  concerned.  In  this  case,  however,  the  first  upheaval  wa* 
not  accompanied  by  any  folding  or  fracturing  of  the  beds.     An 


Pia.  am-  — Angular  uncun  rocmliy,  wval  of  Alloono,  V*.    {V.  S-Q.  A^ 

unconformity  of  the  second  class  is  sometimes  exceedingly  diffi- 
cult to  detett  and  then  is  called  a  deffflive  coHfarmUy.  Socb  a 
caae  &TU.t»  wlit-n  the  surface  of  the  ground  i»  made  by  cutting 
down  strata  to  the  upper  surface  of  a  hard  bed,  which  is  then  de- 
)>rcssed  beneath  the  water,  as  a  flat  pavement,  upon  which  new 
tnaterial  of  a  simitar  kind  in  laid  down  willi  hartUy  a  perce^ilible 
bre;ik.    In  the  Kocky  Mountain  region  remarkable  instances  of 
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ihi*  dcccplivc  confonnil)'  occur,  where,  in  ibc  middle  of  a  mass  of 
iinuslunc  a|»|)arently  lorrawi  wiihout  any  iiitcrru{)tiun,  ilierc  is,  in 
reality,  an  cnonnous  lime-gap.  I.«ng  and  careful  scaich  has 
made  clear  the  nalurc  of  ihe  contact  and  c3ii>o«tcd  the  tlecepiion. 
The  exUlencc  of  >n  unconformity,  when  none  is  appiirent,  may 
»<>metim«  be  delected  by  observing  certain  structural  features 
uhich  affrcl  the  lower  ami  uldrr  heds,  hut  not  the  upper.  For 
example,  the  lower  strata  may  be  faulted,  or  intersected  I>y  adyke 
of  iffneoits  roclu.  the  fatili  or  dyke  ending  abruptly  at  a  certain 
le%-el  and  iM>t  continuing  into  the  upjier  scries. 
The  lowest  member  of  the  upper  series  of  strata  in  an  uncon- 
I      lonnity  is  vmy  frequently  a  conglomerate  or  coarse  sandstone,  and 

^^^H  FiC-  003. —  Li'doonfonnlly  wllhciu!  <;hLinEi.-o(  diji.  Aaa  otviiup 

rqiresents  the  beach  formation  of  the  sea  advancing  over  the  old 
land.  These  are  called  basal  eongfomerata.  Such  coarse  beds 
■«,  howfver,  not  always  present,  and  ihey  may  be  only  locally 
developed  along  a  panicuUr  line, 

t'nconformitie*  may  l>e  confnved  to  relatively  restricted  regions, 
or  they  may  extend  over  whole  continents;  ihey  are  ver)'  u^ful 
mean-H  of  dtxidinx  lite  strata  into  natural  chronological  groups. 

Overlap.  —  When  a  series  of  strata  is  deposited  in  a  ba^in  with 
stopinji:  sides,  or  one  sloping  side,  esicli  bed  will  extend  farther 
than  the  one  ut>on  which  it  lies,  and  thus  in  a  thick  mass  of  atnila, 
if  the  shelving  Ixittom  be  gently  inclineil,  tite  upper  beds  will  cx- 
Icnd  far  bej-oivd  the  lower  ones,  or  mtrlaf  them  (see  Fie.  103). 
Overlap  also  occurs  where  the  sea  is  advancing  ur  traiugrcsua^ 
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slowly  acroK  a  subsiding  Und  surface,  the  rate  of  dcprcssioD  not 
much  exceeding  the  rale  of  dciio.'iiiion.  Here  also  each  siratuin 
extends  farther  acniss  the  old  land  stirfacv  than  the  one  i>cnejih 
it,  and  conccab  the  edges  of  the  latter.  The  relation  of  »verU(i 
is  between  tlic  successive  layers  of  a  fon/ttrmahtr  scries. 

Overla|i  may  be  a  structure  of  much  economic  imjiorlance, 
if  one  of  the  lower  strata,  say  a  coal-bed,  is  mined.  It  is  not 
safe  to  assume  that  wherever  the  upper  beds  of  such  a  series  art 
found,  the  lower  wHIl  \>c  found  directly  licnisith  (hem,  nn  assump- 
tion which  may  result  in  costly  failure. 

ContemporaDcous  Erosion.  —  It  was  staled  alx>^  e  that  the  defi- 
nition of  unconformity,  ns  given,  would  include  certain  slruciuresi, 
wiiich,  neverlhelex.N,  must  he  di-Nlingui^hed  from  it:  one  of  these 
is  contemporaneous  erosion.  This  structure  is  produced  when  a 
current  of  water  excavates  channel!)  for  itself  in  the  .-still  soft  and 
submerged  mats  of  sediment  After  the  current  has  ceased  lo 
flow,  renewed  de[iosilion  Jilb  U])  the  holluw  with  the  same  or  a 
different  kind  of  mnterial  ns  was  thrown  dotvn  before.  Tbb 
Structure  requires  only  a  .ihurt  pause  in  deposition,  not  a  long, 
unrecorded  break,  and  do(%  not  necessarily  involve  movements 
of  elevation  and  depression.  Furthetmore,  contem|»>mneout 
erosion  is  .1  local  phenomenon,  and  though  in  a  limited  section 
it  may  not  always  be  ca.iy  to  distinguish  it  from  an  unc-onfofiaiQ^ 
the  flifference  becomes  apparent  when  a  wider  area  is  examined. 
If  the  structure  he  one  of  con  tern  jjoraneous  erosion,  the  two 
series  of  strata  will  lie  cunformahle  except  along  the  line  of  the  chan- 
nel or  channels.  Fig.  304  is  an  example  of  this  stnictura  and 
shows  where  a  channel  in  an  ancient  sex-bottom  was  fiUed  up  by 
« later  deposition  of  material. 

The  clay  "horses"  (as  minere  call  them),  which  frequcnity 
interrupt  coal  beds,  are  the  channels  of  streams  which  meandeied 
through  the  ancient  peat  bog,  and  which  were  filled  up  with  sedi- 
menl  when  the  swamp  became  submerged.  The  "  boisca  "  ste 
usually  of  the  same  rock  as  that  which  forms  the  cap  or  roof 
of  the  coal  Mam. 


OUTLIERS 


Horizontal  aod  Oblique  Bedding.  —  Another  kind  o!  deceptive 
nsembl;iiKT  tu  unconformity  is  oicasionally  caused  b)'  the  ullcmx- 
■ion  of  horlEontiil  and  oblique  l>ctld]n]j;,  u  horijiontal  bed  resting 
Upon  a  series  ol  Jni^iineil  \tiytn.  A  conspicuous  example  of  this 
is  gi\-en  by  (he  Le  Clair  limestone  of  Iowa,  which  was  at  one  lime 
iltoKetbcr  inisunderaiood,  but  the  deceplioo  is  seldom  one  that  a 
little  care  will  not  cxpotsc. 


<U.  S.  G.  S.) 

Outliers.  —  An  outlier  is  an  isolated  mass  of  slntla.  which  is 
)um>un<led  on  all  sides  by  beds  older  than  ii.«elf.  Thi.t  definition 
dots  not  imply  llial  the  older  beds  mu>^(  actually  rise  to  the  Ict'cl 
at  the  outlier  and  enclose  it,  but  as  fKUrrf  im  a  maf,  which  briiitpi 
»ll  ifTc^Uriiifti  of  surface  do«  n  to  one  |>Iane.  the  <ilder  beds  appear 
1u  surround  the  outlier.  An  outlier  has  been  cut  off  by  denudation 
from  iu  former  connections,  from  which  it  is  scjumlcd,  in  some 
cuts  by  8  few  feel,  in  others  by  scores  or  even  hundreds  of  miles. 
OutSen  thus  stand  as  monuments  which  show,  panUUj  i>\  \uuii.. 
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ibc  funncT  extension  u(  strata  long  subject  to  dmudaiicm,  though 
we  never  can  be  sure  that  the  farthest  outlkr  was  M  the  actual 
uriginul  margin  of  the  beds,  and  generally  may  be  confident  that 
it  was  not.  Outliers  arc  almost  alwaj-s  composed  of  borizontal 
strata,  ur  of  Uolaied  .lyncliitcs. 

If  Ibc  outlier  be  brougtit  to  the  surface  by  faulting,  it  is  railed  a 
/(tutted  oultier,  in  dUlincliim  from  one  which  is  entirely  due  to  ero- 
sion. A  faulted  outlier  may  be  found  on  tbe  downthrow  &ide  of  a 
bull-block,  especially  in  a  trough-fault,  which  is  dowiKOst  with 
reference  to  the  blocks  on  each  side  of  it.  In  such  a  case  tbe  older 
bedti  actually  surround  and  enclose  the  isolated  mass  of  nevrcr  betfe. 

Inliers  rliffer  {jitxn  outliers  in  not  necessarily  being  is«tdUd 
tiuKSfs  of  rock,  but  merely  isolated  outerops  of  older  beds  which 
are  surrounded  by  newer  slntta,  though  underground  chey  may  be 
continuous  with  very  cjitcnsivc  areas  of  beds.  An  inlier  is  ihui  a 
larger  or  smaller  ma<<i  of  nn-k  surn>unde<l  by  ))eds  which  are  gco- 
lo^cally  younger  than  itself.  The  summit  of  an  anticUne  or  dome 
which  has  been  truncated  by  denudation  ex[)OseH  older  strata  in 
the  middle,  newer  ones  on  the  sides.  Inliers  may  also  be  due  to 
faulting  and  occur  on  the  upthrow  side,  as  in  a  fauit-bloi-k  which 
is  on  the  upthrow  side  with  reference  to  the  blocks  on  each  side 
of  it,  or  Hotst. 

Outliers  may  be  con^'erlcd  into  inliers  by  the  dcpo^tioa  of  newer 
beds  amund  them.  The  i(*olated  "  stacks  "  and  pillars  on  tbe  sea- 
coast,  as  shown  in  Kig^.  76  anri  77,  are  outliers,  but  a  movement 
of  depression  submerging  them  in  the  sea  would  eventually  result 
in  their  being  burie<l  in  newer  dqwjils,  Ihus  changing  them  imo 
inliers.  There  is  abundant  evidence  that  such  changes  have  actu- 
ally occurred  in  pa.st  times. 


CHAPTER   XV 
traSTOATIFIED  OR  MASSIVE  ROCKS 

Thk  unsiratilicd  or  massive  rock§  have  ristn  in  a  molten  state 
from  below  tuwiird  ihe  surface,  ihou|(h  by  no  means  always  reach- 
ing it,  and  have  forced,  or  perhaps  have  sumctimes  mclli-d,  ihdr 
wuy  tbruugh  or  between  the  slralificd  rucks.  One  of  the  most 
important  points  to  determine  with  regard  to  a  ma.s.sive  rock  is  il» 
rdalion  to  the  strata  in  which  it  occurs;  for  the  earth's  chronology 
rs  given  by  ihc  sinititird  nicks.  ConsLtdvred  only  with  reference  to 
itself,  an  ifnicous  mass  gives  no  iruslworthy  evidence  as  to  the  time 
wh«ii  it  was  formt^i  The  lerni  enipihr  is  fre<iuewily  employed 
in  Ihe  same  seiKe  as  unstratified,  becaiiM-  of  the  belief  ih^t  most 
igneous  ma.taes  have  been  ciinneetctl  with  \i)lciinoe>;  but  as  such 
a  belief  may  not  be  well  founded,  it  is  better  to  use  a  non-committal 
term. 

As  in  most  departments  of  gcolog}-.  there  are  unforttinntcly  con- 
siderable <liJleFenc<M  in  (he  meaning  iittached  by  various  writers 
to  the  terms  used  in  (he  description  of  Ihe  igneous,  or  massive, 
rock-t.  Since  it  h  bifthly  desiniblc  iliat  greater  uniformity  and 
exactness  of  nomenclature  should  be  attained,  Ihc  usage  proposed 
by  Professor  Daly  will  be  followed  here,  though  his  classification  is 
more  elaborate  than  is  reiiiiircd  in  un  elemcntarj-  work. 

We  shall  first  take  up  the  volcanic  rocks,  because  modem  vol- 
t  give  us  the  key  by  which  we  may  rc:idily  interpret  them. 

I-    Ancient  Volcanoes  and  tufjr  Rocks 


Volcank  Hecks.  —  Volcanoes,  like  all  other  motintaEns,  are  sub- 
jcct  to  (he  destructive  effects  of  the  atmosphere,  rivers,  and  the 
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ten.  In  an  active  volcano  the  upbuildii^  by  lara  flows  and  Frag- 
meDtal  ejections  more  than  compensates  for  the  Iwa  by  u-eaiber- 
inf;,  ami  (he  n>nc  c«>ntinues  to  grow  in  height  and  diamdef. 
When  the  volcano  has  become  extinct,  the  destructi\-e  agencies 
work  unoi>))osed.  We  find  extinct  volcanoes  in  all  stages  o[ 
degradation,  from  those  which  look  as  though  their  anivily 
Dii^bi  be  renewed  a(  :iny  momeni,  (o  ihnse  which  require  the 


I" I*;.  90S'  —  koltaiiit  llcrk,  Co'Htii'u-     [U.  >.  O,  Sj 

careful  exiimiTuition  of  a  skilled  geologist  to  recognize  them  tor 
what  liicy  arc. 

In  the  Pacif:c  Stales  may  be  found  admirable  examples  of 
volcanic  corns  in  various  stages  of  erosion.  In  northern  Arixona 
the  picturesque  Sun  Francisco  mnunluiiis,  thcmsd\-e«  volcanic,  arc 
dod  by  numerous  small  and  vcr>-  perfect  cones,  hartlly 
by  weathering  (Fig.  ii).    In  northern  California  standi 
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the  noble  peak  of  Mt.  Sha§ta  (Fig.  19),  which  was  active  till  a 
Lite  fieotogic-al  time  and  still  ^liovrs  traces  uf  jutiviiy  in  its  hot 
vapours,  but  bos  begun  to  suITit  nutably  from  weathering.  Still 
fartfier  north,  in  the  State  of  WashinRlon,  is  Mt.  Rainier,  another 
»x>Icanic  cone,  which  has  been  longer  exposed  lo  the  destructive 
agencies  and  has  been  worn  into  an  exceedingly  ruggeti  jieak. 


fW.  306.  — n'-iiiiiind  mtnc.sliowlltg  drentotlbrmolTOlcaiiie  pip*  in  and«lt>nc; 
Kjiiitjnicy,  Souih  Africa.    {PhoUKiaph  by  tlancoi) 

These  mnuntatn.>i,  howe\'er,  merely  exemplify  the  eu'liest  stages  of 
degrulation;  as  time  goes  on,  the  loftiest  cones  will  be  worn  away, 
and  at  l»!it  only  the  worn-down  and  hardly  recognizable  stump  of 
(he  volcano  remains,  which  is  known  a*  a  volcanic  neck.  The  neck 
ronsisla  of  the  funnel  or  vent  Ailed  ii]i  with  the  hardened  lava  of 
the  last  eruption,  or,  less  commonly,  mth  a  nass  of  volcanic 
blocks.  Associated  with  this  plug  of  lava  may  be  prcsen-cd  the 
lowest  lava  fiow»  or  itifTs  of  which  the  cone  wa-s  originally  built 
np.    If  the  land  upon  which  the  ^-olouiJc  neck  stands  Ik  covcttA 
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by  the  sea  or  oiher  body  of  water,  the  remnant  of  ihe  cone  will 
be  buried  bcn«Hli  sediments,  and  a  ^■olcanic:  tsl.im;!  may  be  simi- 
larly cut  down  and  cowred  will)  sediments.  Subsequent  up- 
heaval and  denudation  may  at  a  long  subij,equcni  time  once  more 
expose  the  buried  cone  to  view.  Screral  examplcso(  this  have  been 
found  in  Oreiit  liritain. 


Fu;.  3U7.  —  litr(;iii,irlii  JTid  coluninjit-Jolniol  Iniii  lluw  on  sincliit-n*;   UUsil  ■ 
SufEi.  SuiUuid 
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The  diamond  mines  of  South  Africa  are  in  almost  cylindrical 
pipes,  which  are  cut  throufih  stratified  rocks  and  arc  fdlcd  with  nn 
irregular  a^lomcratc.  On  the  surface  the  pipes  show  no  topo- 
graphical indication  of  their  presence,  but  arc  iniite  level  with  ll»e 
ground.  The  exact  nature  of  these  pipes  is  not  well  understood; 
if  they  arc  truly  volcanic,  all  traces  of  ihe  nmes  and  associated 
ejected  masses  have  been  removed  by  denudation. 
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Lava  Flows  and  Sh««ts  which  were  poured  out  on  the  surface 
of  the  gruuixl  may  be  rerogniM^I  liy  the  iii<l  nf  »c;'<.t:iI  criteria. 
In  flows  of  only  moderate  antiquity,  which  have  suffered  little 
denucbtion,  the  nulure  of  the  mass  may  be  determined  al  a  glance, 
and  traced  tn  the  vent  whence  it  issued.  Successive  sheds,  piled 
one  over  (he  other  in  a  rude  licildtng,  are  also  e\'idei)cc  that  the 
roclu  arc  surface  lavas.    Surface  sheets  may  be  overlaid  by  sedi- 


FIO.  aoS.  —  I.IVJ1  Dow  on  wnilM'jne.  Upprr  MonKlait.  N.J.      |PI»XL>gntpb  by  v>n 
iBftB.)     Ttic  whila  line  tlton^  (lie  i[T<|:u1«  eonlKl 

HKnls,  which  were  deiHixitcd  ujion  a  submarine  flow,  or  after  de> 
pression  of  the  land.  Such  a  flow  is  then  called  a  (tmlemparaHeous 
or  imUrbrddtd  theef,  and  e\'idenily  its  geolojirical  age  fotlowx  (he 
rule  for  strata;  it  is  newer  than  the  ted  upon  which  it  lies  and 
older  than  ihc  one  whith  rosis  upon  it. 

Fregmental  Products  (Pyroclastic)  are  positive  proof  of  vol- 
canic action,  for  they  cannot  be  formed  under^^und.  Coarse 
ntises  of  agglomerate,  blocks,  and  bumbi  show  vhav.  vVte  y«A. 
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from  which  the}'  Usued  was  not  f»r  awuy,  while  beds  of  fine  asbcs 
and  tuffs  may  be  made  at  jtreal  distances  from  their  source.  AH 
thoie  varictiei  may  l>c eml<»«I  in  true  M.-diments,  and  may, in  part, 
escape  dcsiruction  long  after  the  volcano  which  ejected  (hem  has 
been  cut  away.  The  rnigmental  product*  ue  always  conlempo- 
rancous,  and  when  iDierstratiiicd  with  sediments  are  newer  than 
the  un<Ierlyin)i;,  ulder  than  the  overl)'in]{,  stratum. 


I. 


h 
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n.    Rocks  solidified  below  the  St7KPAce  (Plutonic) 

Wc  now  come  to  3  scries  of  rocks  whidi  no  one  has  ever  ob- 
served in  the  course  of  fiimiation,  lietausc  they  were  so[idi6ed  al 
greater  or  le^s  depths  underground.  When  such  masses  are 
exposed  to  view,  it  Is  not  because  ihey  have  lieeii  brought  (« 
the  surface,  but  because  the  surface  has  been  eroded  down  lo 
them.    Though  these  unatralitied  masses  cannot  be  observed  in 
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the  process  of  fonnation,  as  may  the  lavas  and  p>Tocl£alic  rocks, 
yet  the  nature  uf  iIk  rucks  themselves,  and  ihcir  rcUtions  to  the 
vokank  and  stratified  rocks,  enable  us  to  explain  them  satJsfac- 
torily.  In  whatever  shape  thej-  onur,  these  iTus»es  are  tn/ritinv, 
and  have  forced  or  mcUcd  their  way  upward,  tilling;  fissures  and 
cavities,  or  have  thrust  themselves  lieiweeri  *tr.ita,  following  the 
path  of  least  reislance.  Intrusions  are  younger,  it  may  be  vastly 
so,  than  the  strata  whiih  ihey  penclratc  and  lie  over  or  lieJieath; 
their  gcoiogicaJ  date  may  be  determined  by  a  process  of  elimination, 
&nding  the  nevresl  strata  which  they  have  traversed  and  the  oldest 
which  they  have  not  reached. 

A  primary  division  of  the  plulonic  masses  is  into  (■)  infttkd 
and  (i)  sitbfa(fnt  bodies,  "  An  injected  body  is  one  which  is  en- 
tirely en<']<Ki«l  within  the  invaded  formations,  excq>t  along  the 
relatively  iuitow  openings  to  the  chamber  where  the  latter  has  been 
in  communication  witli  the  feeding  reservoir."  (Daly.)  Sub- 
laccnt  belies,  on  the  other  hand,  have  no  Hoof  upon  which  the 
iatnuive  mass  rests,  the  communication  with  the  earth's  interior 
being  by  grut  ojH'nings  which  enlarge  downward  indefinitely 
vdlhin  the  limits  of  obicrvatioru 

Both  injectwi  an<i  subjacent  lw(hes  may  be  either  simple,  i^ 
composed  oi  material  intruded  at  one  period,  multiple,  i.e.  com- 
posed of  material  of  the  same  kind  intruded  ai  more  than  one  pe- 
riod, or  (omposile.  i.r.  made  up  of  material  derived  from  difFerent 
kind:<;  of  magma  intruded  at  more  than  one  period  of  time. 


I.  Injefifd  Bodies 

These  are  of  manifold  variety  «f  shapes  and  sixes  and  differ  in 
their  relations  to  the  enclosing,  or  r(»iiii//ywr*,  and  different  terms 
arc  accortlingly  iD«d  t»  4)escrit)e  them. 

Djrfcw-  —  A  dyke  is  a  vertical  or  steeply  inclined  wall  of  igi>eous 
mck  which  wa^i  forced  up  into  a  fissure  when  molten  and  (here 
consolidated,  Dykes  of  a  certain  kind  may  actually  be  seen  tn 
the  making,  as  when  the  la^a  cc^iimn  of  a  volcano  bursu  \t&  wa.^ 
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through  fissures  in  the  n>n<^.  The  (inlinury  dyke  is  formed  in  ils- 
sum  which  Imvxrsc  stratilicd  rocks,  breaking  across  the  bcdding- 
liiatnes  and  usually  approximalInK  a  vertical  paii  I  ion,  though  some- 
times il  cuts  through  older  and  nlr<vndy  consoliibtttl  iftneoiis  n»cks. 
In  thickness  dvkcs  vary  from  less ihan  a  foot  lo  a  hundred  feet  or 
more,  and  pursue  nearly  strrLight  ctwrses,  it  may  he  (or  many 
miles.    The  rock  of  a  dyke  has  usiiali)-  a  compnct  texture,  having 


■■fl-linnd  (tyfcn  furnui  ill*  i]»liuil  pMli 
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cooled  more  slowly  than  the  volcainic  ma.'ues,  tbou>[h  the  edge», 
chilled  by  contact  with  the  walk  of  the  lissure,  mny  be  gljusy-  If 
the  rock  displays  ctilumnar  joiniing,  the  prisms  arc  horiEontal, 
normul  to  the  ctwling  surfaces. 

Dykes  may  be  so  numerous  as  to  form  a  rc^Iar  network  of 
inteneciing  walls,  jusl  as  we  have  found  to  be  tlic  case  iu  faults  and 
fissures. 
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Tba  cpdUBOiM&t  rocks  in  dykes  arc  basalt,  quaru  por]>hvry, 
tDdedU,  uA  diabase. 

When  denudation  has  so  far  cut  away  the  surface  of  the  f^und 
as  to  expose  ibe  dyke,  ihe  form  which  the  latter  takes  will  depend 


FKI.  alt. —  Djka  tRiKlwd  by  irnlb<ilng  (mln  tlmn  miiniry  rwk.     [V.  S.  G.  S.) 


upon  the  relative  destrurtibility  of  the  igDeous  rock  and  ibc  encloft- 
ing  strata.  If  the  latter  wear  away  more  rapidly,  the  dyke  will  be 
left  standing  abo%e  i he  surface  like  a  wull  (Fig.  310);  but  if  the 
igneous  mass  be  dUiutcf^aied  more  rapidly  than  the  strata,  a 
trcndi  wQl  mark  Ihe  Hue  of  the  dyke. 


394 


UN'STRATIHEU  OK  MA;^1\X  ROCKS 


Dykw  arc  common  and  conspicuous  objects  in  the  Connpclicut 
vullcy  and  in  ihe  suidstone  bell  nhicb  ruti:<,  u-Jth  iStemtpttons, 
from  tht  Hudson  Kivcr  lo  North  Carolina. 

IntrusiveVeinsarL-Mtinllerand  moreirrejiular.frcqiiCTlly  branch- 
ing fissures  which  have  been  filled  with  an  igneoii.<  mngma;  they 
may  be  only  a  few  inches  in  Ihickne^,  and  may  often  be  (raced  to 
the  mass  which  gave  them  off.  The  nature  of  the  rfirk  in  a  vein 
niiiy  be  much  mo<!ifie<I  hy  material  derived  from  Ihc  walls.    This 
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vdn  rock  is  often  so  coarsely  crystalline,  as  in  pegm-itiic  v»-ins. 
that  it  ha*  been  ttu^^sted  that  it  could  not  have  soliditu  i '  ri- 

sion,  but  was  depositetl  from  jciluiiiin  in  superhealcd  w.ittiN. 

Sills  or  Intrusive  Sheets.  — These  arc  hurisontal  or  moderately 
inclined  masses  of  igneous  rock,  which  have  smaU  thickness  w 
compared  with  iheir  lateral  extent.  Sheets  conform  to  the  bed- 
ding-planes of  the  strata,  often  running  lonjj  distances  between  the 
same  two  bed-t;  but  if  Ihey  can  be  traced  far  enough,  they  nuy 
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l^eraUy  be  found  cimins  across, Ibc  strata  at  one  point  or  an- 
Mbcr.  In  thickness  they  vary  from  a  tew  (tet  to  iwvcral  hundreds 
oi  feet  The  Palisades  of  the  Hudson  are  formed  by  a  sheet 
of  unuMial  thtckne:>iti  its  uut('fi>|i  is  70  miles  kiiiK  frotn  north 
to  south,  attd  its  thickness  varies  (rum  300  to  850  fort. 

Sills  are  most  commonly  found  in  horizontal  strata,  which 
offer  less  resistance  to  horizontal  expansion  than  do  t)ic  f<il<)ed 
beds;    ihey  are  ab<>  very  generally  of  the  tno&l  fuiiiblc  kind,  the 


||B,gi3. — CSmiiM  Kfiin  Inlniuva  in  diotil*  anil  ttnlh  i;tit  by  ■  imaJl  dyke  ctf  a|illie: 
WMI  <i  UaiDt.     fU.  S.  G.  S.) 


]pbbrr>  family,  because  such  magmas  retain  their  fluidity  and 
flow  [or  longer  dLtUinre»  than  do  the  highly  siliceous  rocks.  It  is 
probable  that  intrusive  shecu  can  be  formed  at  only  moderate 
deplfas,  because  tlte  overlyinij;  strata  mu.-st  l>e  lifted  to  an  amount 
eqtal  to  the  thickness  of  the  sheet,  although  certain  cases  are  known 
where  the  sill  api>ear«  to  have  made  its  way  by  melting  and  incor- 
patating  some  of  the  strata.  At  great  depths  the  weight  to  be 
lifted  u  so  enormoux,  that  the  easiest  path  of  escape  must  be 
by  breaking  through  and  across  the  strata.     If  the  beds  ai«  tub- 
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JKted  lo  ranpnsMoa  afitr  ibe  {oCnsina  of  ibe  igrwoas  nassts, 
the  bncT  wiD  be  flmd  or  foabcd  like  the  stntifinl  n>c^ 

f o  a  Bnthwi  expoMirr  It  it  often  rfjffioiti  to  diswigaish  at  omc 
bctirm)  a  sin  and  a  cnDinnponaeovs  sbcct.  but  ihm  an  en- 
lain  duninerutjc  niarb  wUrb  enable  the  obscmr  to  tkddc 
The  prrscncc  of  scoric  sfacnrs  that  tbe  sheet  b  contemponincixii. 
If,  tin  ibe  uiher  hand,  ibe  vcrtiyimf:  siruum  be  baked  and  akered 
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by  the  beat,  or  if  the  .ihcet  cuts  airross  Ihe  l>c<ldi»g-t)1»n«s  at  any 
point,  (ir  if  it  can  be  trsccd  (o  a  dyke  which  rises  abo\-c  it,  or  if  tt 
gives  oS  toHKUcs  or  veins,  or  if  piecei  of  the  overlying  stratum 
be  («rn  off  nml  inc!ude<t  in  lh«  jheet,  it  m\K\  be  intrusive.  The 
nature  of  iTic  contact  between  the  sheet  and  the  slralum  above  it 
bi  uUo  ti^cnifieiLnl ;  if  the  former  be  <-ontein|>oraneous,  the  crack* 
ond  fissures  of  its  upper  surface  will  be  tilled  with  the  sedimen- 
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taiy  materiaL  Finally,  ihe  icxtur«  of  the  i);nr(>u»  mafs  gives  v'alu- 
able  cvideiKc;  in  the  intrusive  sheet  the  icxliuc  is  compact 
(without  glassy  ground  miii»)  or  even  quite  coarNcly  crystalline, 
c  the  conteiT)|H>rancuus  slii-cl  will  display  the  glossy  or  por- 
bjTitic  tcjiure  of  surface  flows. 

Ijiccolltfaa.  —  A  laniililh   («r  hrcolite)  is  a  large,  lenticular 
B&L-u  iif  ignrini?  mck,  fillini;  n  chnnihcr  ivhich  il  ha.-.  matU-  for 
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ttself  by  lifting  (be  overiying  strata  into  a  dome-like  shape;  the 
na|[iiia  was  supplied  from  helow  through  a  rdattvcly  Kmall  pipe  or 
fissure  The  nxk  nf  uliich  Inccnliths  arc  made  is  nearly  always  of 
the  highly  siliceous  ai>d  less  fusible  kinds,  so  that  il  can  more  ea.<ily 
Eft  the  strata  lliaii  force  its  way  brtwcen  ibcm.  Intrusive  sheets 
arc,  it  is  inic,  often  given  off  from  a  larroltlh,  hut  iIm»c  are  of  quite 
subordinate  imiwn.tnce.  w h i \^^ kts~ d nd-4rugula r  protnisioas.. 
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UNin-KA'nneD  or  massive  rocks 


^ 


called  apo^ysrt,  extend  into  the  fissures  of  the  surrtHinding  uu) 
overlying  slniia.    Sub^equenl  eiYMion  miiir  rcino\-e  (be  dome  of 

strau  and  cut  deeply  into  ibc 

igneouK  inatf  beneath,  Icar- 

ing  rugged  mounlaim,  ibe 

hcjf;lii    of    which    dcfx-ndi 

upon  the  anwunl  of  origio*] 

uplift   and   ibe   sulMcqueni 

denudation,      [.accotiihs  in 

various  staf^  of  denudation 

occur  in  dilTerenl   puru  nl 

the  West.    Fif;.  }io  shorn 

Little   Kun-Dancc   Flill   in   South  Dakota,  a  small  dome  from 

which  the  ovenrchiiig  strata  have  not  been  rcmove<l  and  tbe 

if![icous  core  ha>  nowhere  been  cx]>i»cd,  yel  there  can  be  little  doubt 


FkXsi?,  — erodvdlM>co1lth.wtiIinuii]r>IIl)Bii<liipophpM:  ColomdOL    (lloteo) 

of  its  presence.  Bear  But1e(Pis.  am)  repre*ents  a seo>nd  sla^of 
denudatinn;  the  strata  have  been  removed,  except  those  upiumed 
■round  the  foot  of  the  butlc,  and  tli<:  igiieoiu  core  exposed,  yd  bd 
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Utile  eroded.  In  the  same  region  is  Mato  Tepee  (also  called  tbe 
Devil's To»-er),  a  magnilHenl  shaft  of  columnar  phonolilc,  which 
rises  700  foct  above  a  piriform  of  horizonlal  slraUi.  This  lower 
is  ihe  remnant  of  a  {jiccnlilh  from  which  the  coverinf;  strata,  and 
probably  much  of  the  igneous  core,  have  lieen  eroded  away.  In 
Muihcra  Vxah  the  Henry  Mountiiins  arc  s  group  of  laccoliths 
from  which  several  thoasand  feet  of  overlying  slrnla  have  been 
letnoved  and  tbe  cores  deeply  dissected.  In  the  Klk  Mouatains 
of  Colorado  are  some  enormous  laccoliihic  mast^. 


Fm.  us.  —  Vdlkal  scciion  tbrough  Ixccoliih  khowo  In  Ki);,  »ij  htloie  daiailaaon. 
ma.  prt«i«l  «urC*cB;  full  black.  lemuning  |Milt  o[  intitmvc  bud]r;  raittcal 
Ums.  p«nMi  tA  bonliUi  Rnored  by  denudaiwii-    (Holme)) 


CfaonoUths.  —  Sometimes  the  shape  of  an  intruded  i^eoua 
bodjr  is  so  irregular  and  its  relations  10  the  country  rock  are  so  axn- 
pfez  that  it  cannot  be  referred  to  any  of  the  preceding  categories. 
Fur  such  irreguUr  mji.<!ie:i  Daly  hais  propo.M;d  the  term  chontJkk, 
which  he  defines  as  follows:  "  an  igneous  body  (a)  injected  into 
Aslocated  roclcuf  any  kin<l,»lratiried  or  not;  (A)  of  »hapeand  rela- 
lioiu  irregular  in  the  sense  that  they  are  not  those  of  a  true  dyke, 
nia,  sheet,  lacrtiliih,  by^nulith  or  neck;  and  (t)  com|>aied  of 
Oagma  cither  pa^vely  squeezed  into  a  subterranean  orogenic 
chunbcr,  or  actively  forcing  aiiari  the  country  rockit."  Chonolilltt 
an  probably  much  more  numerous  than  true  laccoliths. 


VKffTRATIFlED  Ok  MASSIVE  ROCKS 


a.  Subjurent  Bodies 

The  mode  in  whkh  the  jtlulonk  musses  of  this  group  liave  reached 
tbcir  present  position  t^  highly  probicmaticat  and  slill  forms  the 
.<ul)j«:t  uf  a  lively  liiM'UMtdn,  to  whirh  aUoilion  has  alrciuly  li«en 
called  in  another  connection  (sw  p.  J91).  From  the  purely  de- 
scriptive point  <if  vicvr,  the  special  elm ract eristic  of  these  bodies 
is  that  ibeindiamcler  increases  downward  to  unknown  depths  aod, 
c»n$«qucntly,  thiit  they  <Jo  not  rest  upon  a  floor  of  counlry  rock. 


'^ir 


f  I'.t.  ^[9.  —  i,irt^  Z^Un-UllJ^V  ^llJI,  >JLir;j   l^lkOtil,       tU'  ^-  (■■  fi. 
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Stocks  or  Bosses  arc  rounded  or  irregular  masses  of  intnutvc 
rock,  which  vary  in  diameirr  from  a  few  feel  to  sci'ernl  miles;  ihey 
cut  across  the  country  rock,  which  they  have  somclimcs  pushed 
aside  and  ^omctimKclt^anlyperfomteil,  and  with  which  the  cocilad 
is  steeply  inclined  or  vertical.  The  structure  of  the  country  rocks, 
such  as  liedding- planes,  Ii;m  no  effect  U]x>n  the  Khape  of  the  stock. 
Prom  many  stocks  are  given  oS  tongues  or  apophyses,  which  ]>cne- 
Irale  tlie  countr)-  rock  as  veins,  dykes,  sills,  and  various  irregular 
protrusions.  Granite,  diorite,  and  gabbro  arc  esiKciaUy  o>mmoB 
in  stocks  and  ibe  texture  frequently  l>ecome&  coarser  from  the 
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circumference  to  Ihe  centre  of  (he  mass.  In  many  instances,  per- 
haps general)}',  slocks  ihcmscK-es  itri;  but  protrusions  from  litrgcr 
masses. 

Bstholiths  lire  gr«il  mjL'wcs  of  plutonic  rock  hundreds  ur  even 
thousands  of  miles  in  extent:  in  general  characteristics  they  agree 
with  Ktocks,  except  for  Ihelr  very  much  greater  nlze,  yet  smiill 
batboliths  and  large  slocks  grade  into  one  another,  so  that  any  line 
of  demarcalion  between  them  rouM  be  arbitrarily  drawn;  protuibly 


fiu  Bja  — Kcar  bui'r,  South  iMkiJis.     (L'.  S  li.  -■'  ,1 

•U  mie  stoiks,  could  ihey  be  foUatved  down,  would  prove  to  be  pro- 
mwaDs  from  batholitha.  Granite  is  the  commonest  batholithic 
rock, and  in  such  roaiutes  forms  the  core  of  many  great  mountain 
anges,  like  the  Sierra  Nev-ada  and  the  Rocky  Mountains. 


Tde  Mex-uanics  or  Intrusiom 

As  in  all  queslKHU  whkh  deid  with  the  subterranean  agencies, 
the  exact  manner  in  which  molten  magmas  make  their  way  up 
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t!irou;th  the  orerlying  rocks  is  veiled  in  obscurity;  in  fact,  it  is  the 
unM>lved  problem  of  the  ascensiw  force  of  l»va  in  another  »hi|f  e. 
The  KTcaH-aricty  of  forms  a^umcd  by  the  intrusive  bodies  is  due  to 
the  complex  toteraction  of  two  main  itniujis  of  factors  —  the  n>ce«- 
nvc  force  of  the  molten  magma,  however  thai  may  be  ^nerated, 
x»d  the  resi'.tancc  10  l>e  overcome:  With  tlicsc  are  frc<iuenily 
associated  factors  of  a  third  series,  the  orogenJc  compression  of  the 
tocks,  wbkfa  may  SLqueCEc  a  purely  passive  ma^tna  into  the  cavities 
and  fissures  made  by  compression.  The  description  given  in  the 
l>mreding  section  of  ti)c  various  plutonic  l>odies  left  out  of  account 
ibe  fxct  that  the  diilerent  kimU  are  connected  by  all  Miris  of  iransi- 
lions.  Laccoliths  grade  into  sills,  on  the  one  hand,  and  into 
chonolilbs,  on  the  other,  atid  the  same  coniinuou.t  body  may  be  a 
dyke  in  part  of  its  course,  a  silt  in  another,  nnd  so  on.  The  char- 
acter of  ibc  magma  itself  is  also  of  im]>onnncc  in  determining  the 
result,  whether  the  molten  mji^i  is  thoroughly  fluid  or  merely 
IM-ity,  and  how  great  the  quantity  of  the  imprisoned  gases  and 
vaiKiur«;.  In  the  coniplicate<l  play  of  ihe*e  different  factors  it  is 
often  extremely  difficult  to  distinguish  effect  from  cause,  and  it  is 
this  which  givet  riM;  to  such  radi<3l  divergences  of  opinion  in  inier- 
pming  the  phenomena. 

Igncou*  intrusions  are  mos.t  abundant  in  regton»  of  dislurlicd 
rocks,  art*]  we  lintl  gre<-ii  nre.is  of  nearly  horizontal  strata,  sucb  as 
the  Great  Plains,  in  which  intrusions  are  not  known  to  occur. 
On  the  other  hand,  folded,  even  intensely  comprcMcd, strata  may 
have  !»  igneous  rocks  associated  with  them.  The  Api»lachian 
Mountains,  for  example,  are  singularly  free  from  intrusions. 
These  associations  ha\-c  been  differently  interpreted.  According 
to  odC  view,  tl»e  ver^'  genend  (uimtdence  of  ex1en8i%-e  intrusions 
aad  orogcnic  compression  implies  that  ibe  magma  is  for  ibc  moat 
put  panive,  and  is  squeczetl  by  |!ie  <-c>mpre»ing  force  into  the 
actual  or  pnlenlial  cavities  which  arc  generated  by  the  compr»- 
nion.  On  tfie  other  hanti,  there  is  a  growing  tendency  among 
Duny  geologists  to  regard  the  deep-seated  magmas  as  acit\'V  and 
energetic  agents  of  dislocation  and  to  find  in  then  tlie  origin  of  tfac 


VKSTIUTinED  (JUL  MASSn'E  ROCKS 


CDtnpnaBiw  force  iudf.  Wc  faaTC  mei  with  tins  ttadtacy  MinaiAj 
in  ihg dJucwaioH  of  ganhguafco  (p.  S3),dbkic*liMisQi.  3A7),  etc^ 
anrj  il  most  be  reckoned  with  to  oil  attempts  to  »i>lt-c  tbegrtal  prob- 
Irm  of  Hubterraneai)  activities..  As  £o  odm  happens,  it  *riQ  prob- 
abljr  be  fouml  thai  the  inilh  lies  between  the  exiretne  views. 

In  the  chapter  on  the  igocotts  roda  (p.  991)  we  learned  thai  very 
(iHIercnt  upintMns  were  held  conceminft  ibe  pruper  answer  to  the 
question  whether  the  maj^maa  make  their  way  entirely  br  mechani- 
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)ui.    ill.       Intfuiioni  (ifnolltlit)  of  icMii  ln;^nilr.     (L'.  S.  G.  S.) 

csl  mcariH,  taking  advanlajt*  of  fissures,  cavities,  ajid  lines  of 
weakness,  and  fon-tng  the  countn'  rock  aside,  or  whether  ihey  miy 
make  mom  for  themselves  by  dissolving,  fusing,  and  incorporating 
more  or  Icm*  of  the  rock*  which  formerly  oc-tupied  the  position 
now  held  by  the  pluionfc  bodies.  So  far  ax  the  injerted  fflosECS 
are  <-oni-eni«l,  it  is  seldom  ncccssarj-  to  assume  that*  they  have 
done  more  than  lift  or  push  aside  the  enclosiiijt  rock,  but  the  case 
ts  veo'  different  wtili  the  subjacent  masses,     l-'rwiucntly  the  contact 
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between  Ibe  country  rock  and  a  Ntocic  or  balhnlilh  show>  iiu  evi- 
dence tlut  the  former  has  been  compressed  or  crowded  to  make 
room  for  the  intrusion,  and  it  seems  imj»*«ible  to  a(:<-ounl  (or  the 
jircsence  »[  the  plutonic  my»s  except  on  tlie  iissumption  that  space 
has  bcM  gained  by  (using  more  or  leas  of  the  enclosinp;  country 
rock.  It  H  not  neceisafy  to  suppose  ihnl  vuch  fusion  takes  place 
only  on  the  periphery  of  the  intruding  m^^a;  on  the  contrary 
it  fvems  more  likely  thai  the  tnajcma  disl()(])i:e.s  the  joiiii-blodu 
which  then  sink  in  the  highly  healed  mass  and  arc  gradually  dis- 
solved. It  must  be  admitted  that  this  hypotheMS  ha",  not  been 
cslablished.  Some  of  (he  highest  authorities  maintain  that  it  is 
definite!}'  dLiprovcd  by  the  miiToscopic  and  chemical  examination 
of  the  bnihotithic  rocks,  which  arc  not  affected  by  the  ch.iructer 
ti  the  couniTi'  rock  tbrou^h  which  they  break.  We  have  here  a 
cmllict  of  evidence  whirh  it  rrm:tin:«  for  fut  ore  Muditrs  to  harmonize. 
The  energy  of  intnision  is  eloquently  dispUyed  along  the  margins 
of  mitny  balholilhs,  where  the  country'  ruck  is  shattered  and  fcrext 
falocks  are  torn  o0  and  embedded  in  the  plutonic  mass.  Such 
blocks  arc  called  ituinnmis  or  xenolitJm,  and,  on  a  small  scale,  they 
occur  in  other  plutonic  bodies,  such  as  sills  and  lucc«>lilhi(.  The 
exutence  of  thew  blocks  in  their  undis^solved  state  has  been  made 
aa  argumcnl  against  the  awmibtion  hypothesis,  but  it  must  be 
remetabcml  that  the  iniaci  .\enoliths  arc  products  of  the  dying 
OKfigy  of  intrusion,  when  the  nia^nia  vttts  already  so  stiff  (hat 
ibe  biocks  were  no  longer  able  to  sink  in  it. 


CHAPTER    XVI 


HETAAIORPUISH    AND    HETAUORPUIC    ROCKS 


By  the  lerni  mtlaiaorpkiim  t*  meanl  ihe  jirvrfound  intufonna- 
lion  of  a  rocl:  from  its  original  condition  by  means  other  than 
thoie  of  distnlcKraiion.  The  incipienl  chani^o  of  ibe  latter  dais 
mat}'  ven'  grcntly  moilify  n  nick  and  I'tK  ci>nsiitu«nt  minrrak,  but 
such  changes  are  dbtinKUbhcd  from  mcumorphUni  under  the  term 
alteration.  MetamoqihiKni  usually  imjilies  an  inircase  fn  hanJncNt 
and  in  the  degree  of  cr)'<>tallizaiw>n,  and  very  frequcnily  abo  the 
g«>eration  of  an  entirely  new  set  of  mineraU,  which  lake  on  a 
characteristic  arrangement.  The  degree  of  mclamiirphism  rarks 
according  to  circuroittances,  and  from  the  mere  coRMilidutiiui  of 
loose  sedinKnis  to  the  miffit  radical  reconxtruction  of  the  rocfc 
there  is  c^'ct>'  poisaible  transition.  Fossils  may  be  found  in  thu»e 
inetiimoq>hi<'  rocks  of  sedimentary  origin  which  liave  not  been 
completely  changed.  The  more  thorough  the  reconstruction  o( 
the  rock,  the  more  c^iscure  do  the  fo:ii.iL<(  become,  and  in  advanced 
stages  nearly  or  quite  all  (nice  of  thrm  is  obliterated. 

It  was  long  supposed  that  the  mctamorphic  rocks  were  one  and 
all  Iramformed  sediments,  but  later  investigations  have  shown 
that  many  of  them  were  originally  igneous.  Indeed,  it  is  often 
(|iiiie  impo»-!iliIe  to  decide  n-Iiether  u  given  metamorpbtc  rock  bas 
been  derived  from  a  sedimentary  or  an  igneous  origiiuL  This  is 
not  »urpri»ing,  for  the  ultimate  chemical  (not  the  miiieraloKical) 
composition  of  a  basalt,  a  volcanic  tuif,  or  a  clay  sbak,  may  bo 
the  same,  and  the  meiamorjyhic  prtKcsses  may  pn»duce  an  tden- 
(jcal  rock  from  any  one  of  these  three  as  a  staning-point.  Much 
yel  remalitt  to  be  learned  regarding  the  modes,  cau.tes,  and  results 
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of  mcUEdorphism,  and  some  of  the  most  far-reacbing  problems  of 
gcoloKv  ure  Ixiunil  ui>  with  UieKC  <]ue$tk>ns. 

Mctamofphisfli  is  of  two  quite  distinct  kinds:    (i)  contact  or 
local,  and  {2)  ngiona)  mctamorphi&jn. 


I.  Contact  Metauohphisu 

This  is  the  change  effcclcd  in  surrounding  rocks  by  igneous 
magmas.  There  is  a.  difference  between  ihe  effect*  produced  by 
a  surface  las-a  flow  and  those  caused  by  a  plutonic  intrusive.  In 
the  former  ca.se  (he  re^uElx  are  usually  nut  very  Mriking,  because  of 
the  nay  in  which  a  lava  stream  surrounds  itself  with  non-conduct- 
ing somx,  and  are  s\u:h  as  m;iy  be  referred  to  the  action  of  dry  heat. 
Bituminous  coal  is  changed  into  a  natural  coke  by  the  removal 
of  ti.ivobtileconsiiiucnis;  clay  nuiy  be  baked  into  a  hard  red  rock, 
looking  like  eurlhrmore,  and  limestone  changcfl  to  quick  lime, 
by  driving  off  the  CX)*.  Plutonic  intrusions,  on  the  oihw  hand, 
•re  more  eflicieni  agenl^  of  rfuinni",  because  they  are  presumably 
of  a  higher  temperature  and  retain  their  heat  longer,  and  because 
Ihc  vapours  and  pM»  which  the}'  contain  cannot  escape  into  the 
atmosphere,  but  stron^^Iy  affect  the  invaded  rocks.  The  rock 
innuicd  and  melamor]) hosed  may  be  either  sedimentary,  igneoat, 
or  already  mi-tamorphic,  and  the  effects  may  be  very  marked,  or 
sur^irUingly  small;  indeed,  it  is  often  quite  imjioisiblc  to  say  why 
the  changes  slxiulil  be  so  insignificAnl.  Magmas  which  contain  an 
abundance  of  the  mincmlizing  vapours  (see  p.  287)  produce  much 
more  effect  tfian  those  with  only  a  small  <tuantity  of  such  vapours. 
For  this  reason  acid  magmas  are  more  effective  than  basic.  Much, 
too,  depends  u[>on  the  nature  of  the  in\^<Ieil  rock;  sediments 
wliich  conuin  iarge  percentages  of  alumina  and  lime  are  much 
more  rcsKltly  and  prufouiMlly  changed  tlian  lhu»e  which  are  made 
up  almosl  entirely  of  silica.  The  distance  to  which  the  lonc  of 
change  extends  is  wider  when  the  inlrusiw  maxK  cuts  across  the 
strata  than  when  it  follows  the  bedding-planes,  so  that  a  dyke 
or  stock  is  more  effective  liuin  a  sill. 


MfcTAMORPHISM 


We  may  now  coimdcr  some  examples  of  contact  metamor- 
phism,  an<i,  for  (his  purjxmc,  shall  select  only  the  changes  of  sedi- 
mentary rocks;  forthoscof  the  other  classes  rc<)uirca  treatment  too 
minute  iintl  refined  for  an  elementary  work.  We  may  note,  in 
passing,  however,  that  some  of  the  veins  given  off  from  ftranite 
Mocks,  which  have  inviuled  other  igneous  mc  ks,  are  probably  <4  n 
metamurphic  nature  and  due  to  the  penetration  of  vapour». 

In  a  sertei  of  strata  wtiich  have  been  invaded  by  an  igneous 
magma,  we  find  a  graduni  change  from  the  unmodified  rock  which 
licB  beyond  the  reach  of  the  transforniing  agencies,  to  thai  at  the 
ndual  contact  with  the  igneous  mass.  Along  (his  line  of  coniact 
the  strata  are  so  thoroughly  reconstructed  that  often  only  a  micro- 
»ctij>iail  examination  will  distinguisli  (he  changed  sediment  from 
the  igncotis  rock.  A  siliceous  sandstone  or  conglomerate  develo()S 
no  new  mineraU  in  (he  change,  or  only  in  insignificant  qkian(ity 
froRi  the  impuritii-s  present.  The  bulk  of  ilw  maieriat  simply 
crysialUses  and  forms  (be  white  rock,  quarttik.  Clay  rocks 
undei^  more  nitiVal  change  and  arc  usually  diiisible  into  distinct 
«>i»cs:  the  ou(crmo8(  zoiw  is  unchanged;  in  the  intermediate 
one  ihe  shale  i»  cluingiHl  to  a  denxc  tlaU  s|>ot(e(l  with  biotite, 
RMpielite,  or  other  dark  mincraU  The  spotted  slate  passes 
gndualty  into  MtiV<t  ithiit,  a  mck  made  up  of  flakes  of  mini 
with  sMine  qunrlx  and  fels|)ar,  arranged  in  ruddy  paialld  planei. 
Al  the  contact  the  nx'k  b  convened  into  homJHt}  which  is  a  veiy 
dense  »ulx<4aiKT,  looking  tike  trap,  and  t'lUed  with  numeniic  siB- 
catcd  minerals,  such  as  hornblende,  fcbpar,  and  many  otbcn  wludi 
were  not  enumerated  in  the  chapter  on  the  rock-tunning  mlncnK 

LinKstoDcs  are  ci^-^tallixcd  by  ihe  hc«t  into  marble,  a  dense  ag- 
gre^lion  of  cr>-naOine  grains  vi  cokite,  utually  with  udljteralioa 
of  the  beddinjt-planes  and  of  any  fossils  which  ibe  rock  raay  han 
oripDaBy  crintained.  Pure  hmeitone  gi^es  riw  to  while  marbfe, 
but  as  rm;c<(  limestooes  cooUin  imparities,  they  dcvekip.  when 
metaraotpbcoed.  a  iari^e  variety  of  miBetals,  such  as  bMtile.  gsr- 

>  .Uk>  nUrd  A^tm*— ».  W  w  iho  tarn  b  mmI  Cbc  ifat,  ii  b  bma  « 
ft  ia  iW  batt  woae  oolv. 
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net,  ampliiNtlct,  pyroxciiet,  etc.  Beds  of  hhumlnouN  coal  are 
baked  into  a  natural  coke,  as  in  Virginia  and  North  Carolina,  or 
cbanged  to  anthracite,  *»  inColoraclo,or  e\'en  to  i;ra]>hitein  the  con- 
tact zone,  and  limonite  is  converlnJ  into  magnetite. 

Among  i II vest iga tors  of  the  subject  there  is  much  difference  of 
opinion  as  to  how  far  there  is  an  actual  mixnilion  of  matcriul  frnm 
(he  pluionic  maKRia  into  the  enclosing  rock  walls.  When  there 
b  shattering  along  the  omtact,  "r  fi^^»u^^::^  anil  crevices  arc  opened 
in  the  country  rock,  material,  both  in  solution  and  in  a  sutc  of 
fusion,  is  inirtxluced.  Ctmrtttntion  '»  the  dt^iMuitlon  uf  mineral 
matters  from  solution  in  the  interstices  between  the  granules  of  the 
rock.  QuariK,  cakiie,  iron  oxides,  feUp^irs.  mica,  aii^tte,  and  mher 
■nincrals  may  be  thus  inlriKluced.and  sometimes  the  quantity  of  new 
material  brought  into  (he  rock  h  \ety  large.  Injetlien  in  the  pcne- 
ttalion  of  a  rt>ck  by  molten  subsiancfs  which  may  fill  up  all 
the  minute  crevices.  The  distinction  between  cementation  and 
injection  is  not  a  very  slmrjily  m»rkei]  one,  because  superheated 
water  and  molten  magmas  appear  to  mix  in  all  proportional.  The 
difference  between  the  two  pracesAM  seemx  thu.s  to  I>e  liirgely  a 
question  of  the  quantity  of  water  present.  In  some  examples 
even  into  the  unruptured  walls  fluorine  and  boron  have  penetrated, 
and  probably  the  escaping  hyilm-tluovilicic  acid  has  introduced 
Mlica  and  some  bases  for  a  short  distance  from  the  contact 

Contact  metamorphi-Mn,  as  its  name  implii^,  i«  .1  lucal  phenom- 
enon, but  a  widely  ramifying  and  complex  si.'stcm  of  ijjncous 
intiiisions  may  change  brge  areas  of  sedimetitiiry  rocks. 


I 


B.  Reciokal  or  DraAinc  METAiioRpiiisu 


This  Icrro  applies  to  the  reconstruction  of  rocks  upon  a  great 
(talc,  in  areas  covering,  it  may  be,  thousands  of  square  miles,  and 
evidently  other  processes  in  addition  to  iImim;  of  nini.-icl  mcta- 
murphism  are  needed  lu  explain  such  widespread  chanf;c>.  Ke- 
panally  metamorphic  rocks  are,  with  the  exi-e|>tion  of  the  slatt%i 
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thoroughly  cr\-»l,nltine  jin<!  unuitUy  have  Iwi  all  trace  of  whiiltier 
fossils  and  stralificalion  pktics  tlicy  may  originally  have  had. 

The  tint!  $tep  in  melamorphinni  consists  in  a  mere  tutrdening 
of  the  rock,  accompanied  with  the  loss  of  water  and  other  vola- 
tile sulx<t.i licet.  In  the  second  stage  the  eomponenl  minerak 
already  present  are  cfyslallizcd,  but  new  compounds  are  sparingly 
formed.  This  stage  is  frequently  accompanted  by  cleavage, 
wbkh,  to  diiitinguisb  it  from  that  of  minerals,  is  often  called 
ilaly  tkavage. 


v_j.  —  Lll^lnjiiJ.  :>r 


I  tie  bcdding-pl-inct. 


n    ll\    I    l.l:       I 

(U.  &.  G.  S.) 
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Cleavage  and  FissUily.  —  Oem-age  is  "  «  capacity  present  in 
some  mcks  to  hr^ik  in  ceri.-ifii  directions  more  easily  than  in  others," 
while  ^j(/tVy  is  a  "  structure  in  some  nicks,  hy  virtue  of  which 
they  are  already  separstted  into  j>arallcl  laminie  in  a  state  of  tutiure. 
The  term  fissilily  thus  complements  cleaviiKC,  and  the  l^-o  are 
included  under  ilcavage  as  ordinarily  defined."    (\'an  Hbse.) 

Many  uniiio<tiftcd  igneous  rocks  havea  marked  cleuv-age,  which  is 
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ccasioned  by  the  arrangement  of  the  conEtituent  mineral  grains 
nifh  tlicir  long  Axen  |iiirj|]d,  ur  by  a  |iarallclUra  in  ibe  cleavit^ 
pbnrs  uf  these  minerals,  or  by  b»th  factors  combined.  In  clca^'cd 
sedimcniarj-  rocks  the  cleavage- planes  may  coincide  with  Ihc  planes 
vi  stnkliti<aii(in.  .Much  more  commonly,  however,  they  intersect 
ihc  Uiicr  at  all  possible  anitles,  keepint;  a  constant  direction  for 
long  dUl^nces  (parallel  to  the  ases  of  the  (olds  in  which  they 


I 


tiL..  m.  —  tutiic  >juktiiiic.  c-iiu^tiiu.   (L.'.  5>  a,  s~) 


occur),  while  the  bedding  planes  change  with  the  dip  from  point 
in  point.  Onltnary  roofing  slate  is  one  of  the  he^t  possible  cxam- 
pba  oS  a  cleaved  rock  and  in  beds  of  slate  interstralificd  » ith  other 
tocks,  the  cleavage  Is  usually  quite  perfect  in  the  former,  absent  or 
but  partially  developed  in  the  latter. 

It  {*  very  generally  agreed  among  geologists  that  Ktaly  clatvagc 
is  a  result  of  compression ;  for,  disregarding  cenain  igneous  massa. 
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it  occurs  only  in  mcKs  which  show  other  evidences  o{  having  been 
subjected  to  comi>rc»ion.  On  (be  other  band,  Ibe  mechanics  of 
the  problem  arc  M)ii«.'what  obscure  and  have  given  rise  to  differ- 
ences of  opinioD.  The  most  j>robabIc  view  seems  lo  be  thai  the 
cleaviige-l>laiiai  sire  devdoim]  ai  right  iingle»  to  (be  compressing 
force,  and  are  due  to  the  arrangement  of  the  constituent  mineral 
particles  of  tbc  rock  with  their  longest  diiimeiers,  ibdr  cleavage- 
planes,  or  both,  in  parallel  directions.  Further,  that "  tbisarrange- 
ment  iscaiLsed,  fir^t  and  most  imjioriant,  by  parallel  dex'elopnieni 
of  new  roinerub ;  second,  by  the  dattming  and  parallel  rutiition  »( 
old  and  new  mineral  panicles ;  and  third,  and  of  least  importance, 
by  the  rotation  inU>  a|)|iroximaiely  parallel  jxjccilions  of  random 
original  panicles."  (Van  Hise.)  Fissility  is  also  due  to  com- 
pression, tbe  rocks  givinji;  way  along  the  ihearing-plartts,  which  are 
inchncd  to  the  direction  of  the  pressure.  Slaty  clearage  b  brought 
about  in  the  softer  rock>  and  ftidllity  in  tbe  more  rigid  by  similar 
comprnsion. 

A  more  advanced  de;;rce  of  m«tamorphisrn  h  characteriusd  bj 
the  ithisiosUy  m  JolMlioa  of  the  rt)ck<i,  as  is  also  true  of  contact 
OKtamorphism  when  such  a  rock  as  mica  schist  is  formed.  Schis- 
losily  or  foliation  is  the  arrangement  of  the  com{x)nenl  mineral 
partidcsof  a  nick  into  rudely  parallel  planes  or  undulating  surfactSi 
in  consequence  of  n-faich  the  rock  jutrts  most  readily  along  those 
planes  or  surfaces,  and  has  a  banded  appearance.  In  the  schis- 
tosity  which  is  developed  in  the  <-onta<'i  metamor|ihism  of  a  sctS- 
ment,  the  foliation  appears  to  be  determined  by  the  stiatificattoD 
planes,  but  in  regionally  metamorphosed  rocks  this  is  general^ 
not  the  case.  Here  the  f<ilialion,  like  cleavage  and  Gssih'ty,  witb 
which  the  former  fe  connected  by  all  grades  of  transition,  a*  a  rule, 
is  independent  of  jirevious  sInKturo,  and  is  determined  by  the 
direction  of  the  compressing  force.  The  intergradations  bctweeo 
cleavage  and  fiKtility,  on  the  one  hand,  and  schixtosity  on  (he 
other,  make  it  appear  that  all  those  structures  are  due  to  the 
same  agency  operating  with  difTerent  degrees  of  ]>ower  under 
fumewhat  different  circumstances. 
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The  ."bearing  and  crutthinf;  of  the  rockii  frequently  change  the 
componcDl  miitcrals  into  paramcrfAu  fonns,  i.r.  (hose  which 
haive  the  same  chemical  composition,  but  diSercni  crystal  fonns; 
for  example,  aragonile  is  thus  conti'erieti  into  <.'aki(e  and  uugitc 
into  Iwmblcnde.  In  thr  more  complete  stages  of  mclamorphisni 
an  rnlire  cliemiral  reorganization  i.-s  m;u!e,  iiiid  new  mintntis  are 
abundantly  Rcncralcd.  Inasmuch  as  great  areas  of  mctamorphic 
n>cks  are  aInuHt  invariaMy  thi:i»e  which  have  been  intensely 
and  viokntly  compressed,  and  modciuidy  folded  scdimeniary 
roclu  may  Nomeiimes  he  traced  directly  into  intensely  plicated 
metamor])hic  rock;*,  we  arc  Ju.stifieil  in  C"nclu<ling  that  the  com- 
[ire^ion  i>  the  cause  of  the  reconstruction,  especially  as  the  excep- 
tions are  more  apparent  than  real.  If  lfai»  i-ondusion  is  wdl 
fuunded,  it  leads  to  the  highly  inlcrrsiingnnd  important  generaliza- 
tion find  cleiirly  stilted  hy  l^c?iiden(  Van  Hbc,  that  Ike  tlrucium 
imfressfd  on  Ihe  slrnlified  ro(ki  a/ler  Ihtir  fint  Jormalion,  feids, 
faults,  tlirusls,  joints,  (lemvgf./isiJily,  and  foliation  are  all  due  le 
lat^al  fctnprtssittn,  acting  U'li/i  ditfercnl  degrees  of  intensity  >ind  at 
different  depttis,  depth  and  everiying  load  being  (ontroSling  factors 
of  Ike  first  importance. 

There  is  some  difference  of  opinion  as  to  the  relative  importance 
of  niaiact  and  djnamic  mctamorphbm,  though  it  is  not  disputed 
that  large  areas  may  he  metamorphoM<l  hy  frequent  and  extensit'c 
igneoiLs  intrusions,  nor  that  such  intrusions  may  aid  very  materially 
in  the  transformations  marie  hy  intense  <  omprission. 

Igneous  ma.'Lses,  when  subjected  to  the  same  processes,  give  rise 
to  rocks  entirely  similar  to  those  made  by  the  meiamorphism  of 
sedimenU,  so  that  it  is  sometimes  impossible  to  distinguish  between 
ibcm.  The  compression  may  have  been  applied  while  the  magmas 
iKre  still  pasty,  or  long  afl«'  they  had  cooled  and  solidified. 
Certain  rocks,  like  the  gneiss  of  Manhattan  Island,  are  believed  to 
have  been  formed  both  from  the  mctamorphism  of  sediments 
tuad  the  injection  of  igneous  material,  and  thus  to  have  lu<l  s  higbljr 
complex  nri^'n. 

Tlie  Cantts  of  Hetamorpbism  have  already  been  suggested  in  itift 
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preceding  paragraphs,  but  it  v\\\  be  vrcTI  to  summarize  them,  I 

it  E^bould  be  bomc  in  mind  that  the  mctamorpltic  prooeuet  are  by 

no  tneaiB  oomplelel}-  umientood. 

I.  Heal  is  evidently  a  vw)-  important  factor  of  change,  as  is 
shown  by  tlie  jiheiioniena  of  contact  metamor[)hi»m  and  by  numer- 
oua  experiments  by  which  the  process  has  hccn  imitated  suixess- 
fully.  In  coniati  metamoriihism  the  heat  is  deriv«<l  from  the  igne- 
ous magmas,  and  in  dynamic  it  is  in  part  mechaoicaily  generated, 
in  pan  rlue  lo  the  interior  heal  of  ih«  earlh  invading  deeply  buried 
mosses. 

3.  Camprtsidon  \a  believed  to  l>e  the  great  agent  of  dynamic 
metamorphism .  and  the  amount  of  the  change  de))ends  upon  the 
inlensity  of  compression  and  ihc  dejith  at  which  it  operaics.  Hence 
(he  vacying  results,  ranging  from  gentle  folding,  nt  one  end  of  the 
ilBries,  through  \ialcnt  folding  to  complete  reconstruction,  crj'slaUi- 
xbHod,  and  foliation,  at  the  other. 

3.  Mohlure  is  another  potent  agent  of  reconstruction.  Super- 
healed  water  under  pri^ssure  J*  able  to  attack  and  dissolve  the  most 
refractory  substances  and  to  build  them  up  into  new  combirralions. 
Many  mineral*,  such  as  the  fek]>an»,  which  ha^-e  nei-er  been  arti- 
ficially crj-sinlllzcd  by  dry  heat  alone  will  crystallize  readily  in  the 
presence  of  superheated  water,  and  the  water  lowers  the  tempera- 
ture neccssar>'  tor  metamorphism.  Kocks  which  melt  at  3500"  F. 
dry  heat,  become  pasty  at  750'  F.  in  llic  presence  of  water.  In 
contact  mciamoqjhism,  steam  is  a  vei)-  important  factor  of  change, 
but  other  vapours  and  ga.Hes  play  an  eRicieni  part. 

4.  Pressure,  as  dislingtiishcd  from  active  compression,  is  a  necess- 
ity for  any  extensive  melamorphic  action,  n-hether  contact  or  dy- 
namic. It  is  the  difference  of  pressure  which  is  responsible  for  the 
different  eCFecti  of  surface  don's  of  lava  and  of  subtcrrane^in  iniru- 
sions  and  which  gives  to  depth  its  importance  OS  a  con  trolling  factor. 
The  dead -weight  prcssureof  n^'vrlying  rocks  prevents  the  rapid  a- 
capeof  the mineralixtngvaputirs  and, when  GufScicntly great, causes 
ibe  rock  to  shear  and  tiow  without  fracture.  Limestone  heateil  at 
the  pressure  of  the  atmosphere,  in  a  limc-kiln  or  an  o|>cn  vessel. 
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becomes  quicklime  (CaO)  through  the  expulsion  ofCO„biil  heated 
und«r  pres&ure,  so  that  the  gas  caitnot  escape,  ii  cr^'siallizes  ioto 
mitrtjic.  Smh  pressure,  al^n,  is  an  essenttiil  fMclt)r  in  <lynaniic 
mctamorphism  as  a  prccondiiion  in  enabling  the  rock  to  bchavo 
mure  or  less  pla»liciilly  urnler  arlive  iiimjirte's'ion  and  without 
fthaltcring.  Dynamic  mctamorphUm  must  therefore  take  place 
at  considerfthtc  <ieplhs  below  the  surface. 

It  h  tM:liei-ed  by  many  (cw!<3^i.''t.i  that  metamoq>hi.tm  may  pro- 
ceed so  far  as  completely  to  melt  a  sodimciilary  rock,  producing 
a  mufi^a  which  a  indiKiinguiiihuble  from  a  typically  igneous  one. 
Such  extreme  inetamiir|>hism  has  niH  licen  dcmnnsirnted  for  any 
con:^ide^ablc  body  of  rocks,  but  may  be  true,  nevertheless,  and  if  so, 
wc  »huuld  ibcii  have  the  cycle  of  rock  tninsformution  complete, 
from  igDCOUs  rock,  through  scdimcniarj-  and  mciamorphic,  back 
10  igneous.  Be  this  a.t  it  may,  cenain  mL-iamoq>hi(-  rucks  dii  un- 
doubtcdly  form  a  common  meeting  place  for  the  sedimentary  and 
igtKout  dasMS. 


THE  METAMORPHIC   ROCKS 

InlheschemeofcUssificattonit  isnotyel  practicable  to  separate 
the  mrtnmorphic  rocks  of  igneous  origin  from  those  which  arc  traos- 
fonned  scdiiDents,  for  it  is  often  impo«cj.ible  (o  distinguish  one  fium 
the  other. 

A,  Nox-roiUTER  Rocks 

T)»ese  repre^ni  Ihe  \esst  advanced  stages  of  meIamor^>hi&m,  ia 
which  the  forces  of  compression  may  have  produced  cleavage  or 
(issility,  but  not  foliation.  The  more  imjKkrlanl  rocks  of  this 
cUs«  »Tt  of  sedimentary-  origin,  and  it  wilt  be  unnecessary  (or  us 
to  coitsider  the  ignmus  roclia  which  have  been  changed,  though 
not  to  the  extent  "f  prodiiring  foliation. 

Qu«rtzile  is  derived  Trom  the  nuriamoqthosb  of  sandstone,  and 
between  the  two  kinds  of  rock  arc  fuimd  such  complete  \T&w\\Jion&, 
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ihat  the  separation  <>f  ibem  seems  9iltii<>!«t  urbilreiy.  In  a  typica] 
quaruilc  the  rock  is  cT>-stallinc,  and  ibc  quaru:  depouted  amund 
ihesand-KTiiiii^ls  in  rry!>Lilliii<.'i-imlinuily  u-itliilH»<-gniini.,  though 
the  microscojx;  still  rriralf.  ihc  iiriginul  fragmcnial  nature  of  ihe 
rock.  Quanziies  ako  mult  fmin  ihe  ntetaim>r]>iii»in  of  onngloni- 
cratce,  and  Ihc  pebbles  «re  sometimes  much  tl^iiiened  by  compres- 
Mon.  If  Iheundtttone  or  confilomenite  contaiiieil  imiiuntirs,  other 
miiMTitlsbcsidcKquaTtxarv  generated;  if  any  considerable  quaniitjr 
of  clay  vnis  pre^nl,  roica  will  be  produced  and,  it  may  W,  in  such 
abunduncv  that  the  mck  pus<es  into  mica  schit^t  (sec  below). 

Quailzilcs  are  formed  boib  in  contact  and  regional  melatnor- 
phism,  bui  ihc  change  is  principally  due  lo  cementation,  laije 
amounts  of  silica  (estimated  as  one-sixth  of  the  original  quantity 
])re»ent  in  ihc  >:ii)d»tone)  Ireiug  brought  in  and  deixniied  rn>m  noIu- 
lion,  though  this  cemcntati(»i  may  be  efFcctnl  by  ordinary'  perco- 
lating waters  liearing  StO,  in  M^lution,  m>  that  some  quaruiies 
should  hardly  be  regarded  as  mdamorphic.  Many  quarlzilcs 
do  not  appear  to  hasT  been  subjected  lo  great  compres&ion,  while 
others  are  clctved  or  fissile  (l-'ig.  334). 

Slate  and  Phylllte.  ~  Slate  is  a  fiQe-grained.  dense,  and  hard 
rxH'k,  which,  whe:i  inelamoqihii^ed  by  compression,  i^  cleaved.  It 
results  from  the  transformation  of  clay  shales,  fine  arkose,  and 
Minietimeti  of  volcanic  tuffs.  Cru.<l)e<l  fragmentt  of  febpar  change 
into  interlock iitg  crystals  of  quartz  and  felspar,  or  quartx  and  min- 
The  mineral  particles,  )x>lh  original  and  newly  developed,  haw 
a  pnraltel  arrangement  of  their  lung  axes  and  cleavage  plane*, 
which  determines  the  cleavage  of  the  rocJc.  In  colour,  slates  are 
usually  drab,  or  dull  dark  blue,  but  they  may  be  brick -red,  green, 
or  jiurple.  Wien  fine -grained  and  regularly  cleaved,  they  arc  en- 
tcnsively  quarried  for  roofing  purposes.  Great  areas  of  Ihem  occur 
in  Vermont,  eastern  Pennsylvania,  Virginia,  and  Georgia,  south  of 
Lake  Superior,  and  nn  the  western  flank  of  the  Sierra  Ne%ada. 

Phyllitc  is  slate  in  a  more  advanced  stage  of  metamorphosis,  in 
which  the  mica  spangles  are  more  abundant,  and  visible  to  the 
naked  eye,  giving  lustrous  surfaces  to  the  deavsgc-planes.    Like 
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micaceous  quartziie,  [)li>'ltite  may  often  be  lrac«d  into  mica 
itchUt. 

Marble  h  a  mclamorjihii:  limestone,  in  which  the  fragmenbt  and 
particle:!  of  organic  origin  have  been  converted  into  ci}%talline 
cakite.  Mugnenian  limesloncs  yield  crystalline  dolomites,  which 
are  likewise  included  under  marble.  In  the  process  of  recon- 
struction, the  fo-i*iLi  and  even  the  bedding- planes  of  the  original 
limestone  arc  usually  entirely  obliterated.  Tlic  grain  o(  the  nKk 
varies  much,  from  the  fine,  dense,  loaf-sugar-like  statuary  marble 
lo  a  very  coarec  texture  w(  large  cryslalN.  Pure  limestone  gives 
rise  to  x  white  marhle,  hut  the  presence  of  organic  matter  is  be- 
trayed by  reins  of  graphite,  which  may  indicate  the  lines  of  mash- 
ii^  and  flow,  along  which  the  rock  yielded  lo  the  iY)mpres>ing 
force.  Iron  and  organic  mutters  present  in  the  limestone  produce 
a  great  variety  of  coloured  and  variegated  marbles,  some  of  which 
are  of  extraordinary  beauty.  The  sand  and  clay  pr(^M:nt  in  many 
liroestoQCS  wilt,  on  metamorphosis,  give  rise  to  a  variety  of  silicaled 
miDemls.  Not  all  crystalline  limestones  are  to  t>e  called  marbles, 
for  crj-sIflUization  may  be  the  work  of  surface  waters  at  ordinar}* 
|em[]eraturc,  and  even  modern  roral-riicks  may  be  crj'stulltne. 
Such  no«-melamorphic  cT}'8talline  limestones  differ  from  marbles 
in  being  less  hard  and  in  retaining  the  [ox-mU  and  Mmtifiatlion 
planes  which  they  originally  had.  Other  cr>'slalline  limestones, 
like  stalagmite  and  travertine  (sec  p.  307),  were  deposited  from 
solution. 

Marble  is  an  exceptional  ca.se  of  a  completely  rryiitalline  rock 
derived  from  sediments  by  dynamic  metamorjihbm,  which  is  not 
foliated  ot  schistose.  This  is  believed  to  be  due  to  the  capacity 
at  calciie  to  rccrj-stallize  freely  after  it  has  been  subjected  to  com- 
pression and  mashing. 

The  oconoRuc  v^lue  of  tlw  marbles  miikes  them  largely  sought 
after;  in  this  country  they  are  extensively  developed  along  the 
Appalachianregion,  from  Vermont  to  Georgia,  in  the  Rocky  Moun> 
tains,  and  the  Sierra  Nevada. 

The  Ophicalcites  are  crystalline  magneaian  limestones  and  dolo- 
s  X 
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mites,  with  varying  anuwRts  of  included  serpenline,  which  gives 
them  a  mottled  appcaranct.  They  arc  not  ihofou^ly  understood, 
and  il  appears  thai  ibey  rna)'  be  formed  in  variuiu  wa)-s.  Some 
opbicalcitcs  arc  almost  ccnuinly  marbles,  in  which  inclusions  of 
olivine,  pyroxene,  or  hornblende  have  l>een  formed  and  afterward 
altered  into  serpentine  (sec  p.  19).  Others  would  appear  to  be 
bfolcen  and  Bisured  »cq>enline»,  having  th^:  crcnccs  litlcd  up  villi 
calcitc  deposited  from  solution. 

Anthracite  b  usually  regarxied  as  a  metamorphic  form  of  coal, 
and,  a»  Vic  have  seen  iti  a  preieding  ]iaragriiph  ui  ihi»  chapter,  it 
is  formed  from  bituminous  coal  by  contact  metafDorpbiun.  On  a 
lar^c  Mrale  it  occurs  chiefly  in  areas  of  folded  ami  disturtiei)  nxks, 
ihuiigh  not  invariably  so.  A  more  intense  metamorphism  of  car- 
bonaceous material  gives  nue  lo  graphite  (or  black  lead),  a  sO^ 
cn'stalline  form  of  carboni  which,  however,  b  a  ntincrul  nUicT 
than  a  rock. 


6.  Foliated  Rocks 

The  fdialetl  or  Kchislose  rocks  are  thaM  which  are  divided  into 
nidcly  parallel  planes,  with  rough  or  undulating  surfaces,  due  ta 
llie  llakcit  ami  xpangtes  of  M>me  mineral.  The  plaites  nf  foliatioD 
may  coincide  with  the  original  bedding-planes  or  they  may  inttr- 
sect  the  latter  at  any  angle,  just  as  do  the  planes  of  cleavage  and 
fissiliiy.  The  foliated  rocks  represent  the  mosl  adt'anced  stage  of 
what  we  can  confidently  call  mWamorphism,  and  may  be  derived 
from  either  wdimcntary  or  igneous  originals;  it  Is  not  altraj'S  pos- 
sible to  say  which. 

Goeiis  is  a  term  nf  wide  significance,  which  includes  a  numher 
of  rocks  of  different  modes  of  origin  and  different  mineralo^cal 
cOjnjMMtion.  Il  is  "  a  laminated  metaniorphic  rock  ihal  u.<null}' 
corresponds  in  mincralosj'  to  some  one  of  the  plutonic  types." 
(Kemji.)  The  varieties  of  gneiss  are  ordinarily  named  in  acc^m)- 
ancc  with  the  most  conspicuous  dark  silicate  present,  ait  hiotilt 
s,  kornMende  gneus,  etc.;   but  this  syxiem  of  nomenclature 
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gives  an  imperfect  nolion  of  ihe  cliaractcT  of  (he  rock.  A  better 
method  has  l)«n  suggested  \>y  Dr.  C,  H.  Gordon  and  adopted  li)- 
Professor  Ktmp,  tltough  the  older  scheme  is  still  in  general  use. 
Thb  is  to  name  tlie  viirieiies  in  accordance  nilh  Ihe  igneoiu  rocks 
10  which  the>'  correspond  in  mincralogicnl  composition;  as  granitic 
gneiss,  syenitU  gnets-s,  dioritie  gneiss,  cic.  The  commonest  variety 
b  granitic  gneiss,  wiOi  mica  or  hurnl>!encl«;  the  orthoclase  and 
quartz  arc  mingled  together,  with  compicuous  lamina:  and  folia 
of  (he  dark  mineral. 


Flc.  MS-  —  Plie»"»«l  tnein.  MoniKoraery  Coiinly,  Pa.    (U.  B.  CJ.  S,)    Thi»  tiguTC 


Mo«l  gncUses  were  generated  by  the  dynamic  metan«>r]>hism  ot 
granite,  either  before  its  consolidation  or  after  it  had  cookd  and 
hardened.  Som«  authorities  deny  that  gneiss  ba&  ever  be«n  formed 
from  sedimentar>'  rocks,  but  there  is  j^tod  reason  to  believe  that 
it  wunclimrK  has  such  an  origin,  and  in  certain  in.'iianccs  the  crushed 
pebbles  of  the  parent  conglomernie  are  still  rlistinctly  visible, 
espedaUyona  weathered  surface.    Still  another  scricsof  ihtseioO^ 
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tin  of  complex  on);in.  granitic  magmas  being  injected  alonj;  the 
fotiutton  {>)uneii  uiid  into  nil  ihe  ireitces  of  iiieUinoi)iboscd  Kdi> 
menu. 

Gnc»a»  arc  widely  s|)rea<]  in  ancient  fonnation»,  eit|>ecially  in 
the  most  ;indcnt  nf  all,  and  Ihey  cover  vast  areas  in  the  nunhi-m 
part  of  Nonh  America, 

The  Ciystanine  Schiitt  ar«  more  finely  foliated  than  gneiss,  into 
which  ihcy  often  grade  imperceptibly,  having  very  ■similar  roinef- 


I 
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-pl^iiinK  ibi  conclomciallc  nalure  (id  mtulimd 
.-[QiuionBl  Doundu]- Sumjr) 


alogiral  composition.  Tbcy  have  vtry  diverge  modes  of  ori^ 
arising  from  b<>th  sedimentary  and  igneous  rocks.  Slates,  impure 
sandstones  and  iimestnnef^  as  wtU  as  felsites.  andesJies,  diabncs, 
luffs,  etc.,  may  all  give  ri.sc  to  crystalline  schi.^ts  by  contact  or 
dynamic  metamorphism.  The  varieties  are  named  from  their 
most  imporunt  ferro-magnesian  mineral. 

Quartz  Schitt  k  a  foliateil  (]uartziic  tn  which  cleavage  or  fL^Mlity 
has  developed  into  schistosity.  The  mashing  .ind  icmuntnitoii  of 
the  original  i^andxtone  may  take  place  at  the  same  time,  or  ibe 
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quarizite  miiy  he  jirwlucwl  by  the  Ullcr  process  and  tubsequralljr 
converted  into  schist  by  compression. 

Mica  Schist  i»  principnlly  (iiiniKudl  of  <]uanz,  muscovitc,  and 
biotilCf  with  more  or  less  fdspar.  By  an  increase  in  the  quantity 
at  fefepar  present,  and  a  chancer  foliation,  it  j;rude.s  into  gncisst 
atxi  by  an  increase  of  quartz  it  may  pass  into  quartzite  and  thence 
lo  sandstone.    Through  the  phyllites  mica  schiNts  are  cxinnecled 


FfO-  307,-^  hllcL  ichitl  with  |[Krncu,     Ncj^l}'  Urklui.l  m.': 

:tb  the  slates,  and  in  another  direction,  by  increase  of  lime  tbcy 
*  into  argillaceous  limestones.  Mica  schist*  arc  very  largely 
exposed  in  New  England  and  southward  along  the  eiistem  flank 
o(  the  Appahchi.in  Mountain  system. 

Bombleode  Schist  is  a  foliated  rock,  consisting  of  hornblende 
with  a  varying  proportion  of  felspar  and  less  quartz.  The  Iiora- 
blencie  schi^ls  are,  (or  the  most  part,  derived  from  the  dynamic 
ineuin<»|]hisin  of  various  basic  igneous  rocks,  the  augite  bcvo^ 
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mdily  converted  inio  horiib)cn<ii;  t>y  iTuslnng,  but  in  rare  inst<in(«ti 
they  are  believed  to  have  bad  a  sedimentary  origin.  The  horn- 
blcnde  schists  mxur  as  belts  ur  bosses  in  mctiunorijliit  «r«is  ami 
aie  LiTKcij-  exjKMed  around  Lake  Superior,  The  schists  already 
described  arc  much  the  mo»l  abundant  members  of  the  grouf, 
but  there  are  >eveRil  others.  Thus,  we  have  talc  and  MitrUr 
schists,  both  of  which  arc  due  to  alteration,  chiefly  of  hornblende 
schist,  and  graphUf  sckisl,  which  has  quantities  of  that  caibon 
mineral  along  its  foliation  planes. 


CHAPTER  X\1I 


HraERAL  VEINS  AKD  ORE  DEPOSITS 


F  ^tI^TJlAI.  veins  anil  ore  dejiosils  arc  of  the  j;rcalcM  economic 
1  imporlsncc  and  have  ihen-forc  received  a  great  ileal  of  utlention, 
and  a  wry  extensive  literature  has  jjrown  up  conceminn  them. 
Ob\'iou«ly,  bill  a  meagre  outline  of  the  subject  (-.in  he  attempted 
in  this  place,  and  (he  treatment  of  the  mucb-di^puted  questions  of 
the  modes  of  formation  cannot  1>e  given  adequately  or  at  length. 


T.  MiKKRAL  Veins 

The  enevirt*,  6ssures,  and  faults  which  Irai-erae  hard  rocks 
ftencrally  remain  open  for  a  time  and  are  then  frcquendy  filled  up 
by  the  deposition  of  material  which  is  quite  different  from  ihe  qoud- 
try  nick  of  the  walls.  Figures  thus  filled  by  crystalline  deposits 
arc  mineral  vein*,  and  these  vary  greatly  in  dimensions,  Ertnna  few 
inches  lo  many  miles  in  length.  The  minute  wins  are  filled  with 
material  derived  from  the  ualb  by  folution  and  rcdei>osiied  in  the 
crcvicet,  such  a.-i  the  veinit  of  cr)'Mallixed  calciitf  in  limestone. 
Great  fisttm  itins,  on  the  other  hand,  which  may  run  unchanged 
for  many  mites  and  penetrate  to  depths  lien>nd  the  reach  of  min- 
ing, are  "  chamctcrized  by  regular,  straight  vralls.  by  a  fairly 
constant  width,  and  by  a  definite  direction  of  both  strike  and  dip." 
(Spurr.)  Such  veins  arc  usually  very  distinctly  marked  off  from 
the  wall  of  country  rock,  and  may  be  either  simple  or  banded, 
with  the  bands  in  general  parallelism  with  the  walb  of  the 
fisure.  In  a  simple  vein  the  mineral  contents  are  deposited  irreg- 
nlarly  without  any  tleiinilc  arrangement,  or  in  a  solid,  lK>nv>g.<:QEu\i& 
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miss,  while  the  liancled  structure  »  produced  in  several  diflCT- 
ent  wa}^.  Onr  of  the  commonest  of  these  wa}:s  b  by  the  dcfKsi- 
lion  ol  minetuLt  un  the  walls  of  an  open  fissure,  for  the  more  perfwt 
ends  of  the  crystals  project  from  the  walb  toward  the  middle  of  ibc 
veiD,  and  the  bands  are  arranged  u«.ually  in  symmetrica]  pain  (mm 
the  walls  inward.  In  many  instances  the  ^mmetrical  arrangr- 
ment  h  departed  from,  because  a  fissure  once  Ailed  wirli  cr>-&ialliiu; 
minerals  may  be  again  opened  by  renewed  diastrophic  moven>cnu 
and  a  renewed  deposition  take  place,  the  older  vein  forming  the 
walls  of  the  newer  one.  The  parallel  bamls  may  be  of  the  same 
nineralror  each  pair  may  be  of  a  different  mineral.  Banded  struc- 
ture may  .tl.w  \k  brought  iiIkiui  I>y  movements  iif  the  rock  subee- 
qucnl  to  the  filling  of  the  vein,  and  frequently  both  factors  cooper- 
ate to  produce  the  result  in  the  same  vein. 

As  we  have  already  seen  (p.  341),  a  fault  zone  is  often  a  mass  of 
shattered  and  sheared  rock,  consequently  it  is  not  suq>rising  that 
many  mineral  veins  should  be  highly  complex,  branching  and 
anastomosing  around  the  broken  ^eces  of  counir)-  rock.  In  such 
cases  it  is  evident  that  the  defwsilton  of  ihc  minerals  has  taken  place 
in  a  broader  or  narrower  «H>e  of  fault  rock.  The  nature  of  the 
c<mntfT  rock  itscK  often  delcrminw.  whether  a  vein  shall  be  simple 
or  complex,  and  the  same  vein  may  be  simple  in  ooc  part  of  its 
courae  and  complex  in  another,  as  ibe  oountr}'  rock  changes  from 
point  to  point,  either  vertically  or  horizontally.  Before  the  deposi- 
tion of  the  mineral  cuntenLt,  the  fissure  was  open  in  part  of  it9  coune, 
where  the  r»ck.-(  yielded  e«uly  to  tension,  while  in  other  parts  ibe 
aack  was  represented  by  a  mass  of  shattered  rock,  yet  with  abun- 
dant narrow  0[ienings,  through  nhirh  water  could  circulate. 

A  third  class  of  mineral  veins  is  composed  of  the  xrins  ofrefittt*- 
ment,  in  which  ihe  circulating  waters  have  not  merely  ticposited 
minerak  in  an  open  fissure,  but  have  gradually  subsliluled  one 
subAlance  for  another,  b>'  dis.<)olvin)|[  out  the  latter  and  re])lacin(; 
it  with  the  former,  it  may  be  molecule  by  molecule,  so  thai  the  re- 
placing minerali  arc  pseudomorphs  after  the  older  series  (see  p.  1 1), 
retaining  the  cr^ttal  form,  sometimes  the  clc«rajtc  of  the  Utlcr. 
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In  ihis  way  fossib  may  be  produced  in  newer  minerals,  even  metats. 
A  replacement  iTin  tCf>resents  a  waler  channel  i>f  Komc  bind,  and 
so  it  has  a  more  or  less  definite  direction,  but  it  seldom  has  sharply 
ddined  walls,  for  the  ncx  d«|iij>its  imprcfinate  ihe  country  rock 
and  fade  away  into  it.  Sometimes,  however,  the  replacement  has 
been  Ku  compleie  that  a  fein  rcfiuItK  which  is  at  TirM  sight  hardly 
disiinguishablc  from  a  true  fissure  vein,  and  c\-cn  a  banded  struc- 
lure  may  occur  in  such  vein.t,  due  to  a  prtvioiK  banding  in  the 
rock  which  is  replaced.  This  bciniling  of  ihc  rock  may  be  occa- 
sioned by  a  succcssi<m  of  shear  planes,  along  which  the  lirel 
deposition  takes  place,  followed  by  the  replacement  of  the  rock  in- 
cluded brtwecn  the  sliear-planes,  or  by  the  occurrence  of  bands  of 
more  aivd  less  soluble  material,  replncetl  in  (he  order  of  solubility. 

Replacement  veins  arc  moat  commonly  found  in  limestones, 
sinee  tboce  are  the  mottl  readily  Nutuble  rock«,  but  lhe%-  also 
occur  in  rocks  which  arc  rclalively  very  insoluble,  such  as  sand- 
stones, anal  in  igneous  rot  kti  like  granite.  The  proce^utex  of  mole- 
cular substitution,  which  arc  carried  on  very  slowly,  may  take  place 
where  there  i.«  a  very  small  amount  of  soluble  material  j>rtttent. 

Mineral  veins  arc  especially  chnracleri:^tic  of  disturljctl,  frac- 
tured, and  dislocated  rocks, and  are  practically  absent  from  regions 
o(  undisturbed  iilmta.  This  association  is  what  wc  should  cxprd 
to  find,  for  deep  fis.iuje3  are  to  be  found  only  among  rocks  which 
have  been  more  or  Icks  violently  shifted  by  dUstrrtphiMn  or  by 
igneous  intrusions.  Such  intrusions  are  very  favourable  to  the 
formation  of  mineral  veins,  and  many  vcinii  may  lie  traced  directly 
into  plulonic  bodies,  and  others  are  clearly  results  of  contact 
me1anM>r]>hisRi. 

The  subsUnces  which  are  found  in  mioeral  veins  vary  wtddy, 
in  acconlance  with  the  mode  of  formation,  and  in  the  same  vein 
nay  diiTcr  greatly  from  point  to  point.  Sometimes,  though  not 
alwayit,  the  character  of  the  countrj'  rock  exercises  a  controlling 
influence  upon  the  contents  of  the  vein,  which  change  as  the  rock 
lraver^«d  changes.  Among  the  commonest  and  most  widely 
tlissciDinated  of  vein  minerals  arc  quarU,cakitc,andb(iritc(,hKa.'<rj 
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spar,  BaSO,).  Frequently  the  ores  of  the  commerriany  valuable 
mclalis  are  /ouml  in  mincnil  veins,  whicli  (hen  aic  callnl  mdal- 
liferws  veins.  The  mincralfi  which  fill  up  most  of  tbc  vein,  st*ck 
a*  i|winx,  ralcite,  etc.,  form  what  i*ojilledlhetWi«  stuff,  or gangte, 
and  in  ihc  bllcr  Ihc  ores  may  be  disseminated  in  fine  partides,or 
gathered  In  (hrexls,  p(>ckel:t,  or  nuggets,  sometimes  in  the  natht, 
or  uncompounded  slate,  but  much  more  frequently  as  sulphides, 


Flu.  3K.  —  l>yk>^  »l  ^•^<]^l^>>e  in  thii 


oxides,  rarbanates,  and  other  <:ombinati'>nti.  Mincm]  veins  may 
thus  be  re^rdcd  as  a  special  case  of  ore  deposits,  and  the  mode  of 
their  formaliou  can  moit  c»n\'cnientty  be  discuNscd  in  conncctinD 
with  the  latter. 

SedimeDt.flUed  Veins,  though  belongin):  in  an  enlirdy  diflTcrenl 
Oktcgory  from  true  mineral  veins,  may  be  briefly  mentioned  here. 
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vertical  fissures  arc  sometimes  filled  up  bj-  sediment  washed  id 
frum  4l«J\-c,  but  more  reniiirkiilik-  arc  the  insiantes  where  ihc  fis- 
sure was  ciidenUj'  fiUtd  from  below  with  sediment  different  from 
the  wail.i.  In  Fig.  33^  issttman  (■.\;im]i!e  fmm  ncjrlhernCulifomia: 
the  iissiircs  which  traverse  the  shaic  have  been  filled  with  sand, 
which  has  consolidated  into  firm  sandstones  uid,  as  they  resist 
wcalhcxing  better  than  the  cmiosing  soft  shales,  they  stand  out  in 
relief.  These  are  called  saitditone  rfyinj,  ihou^h  they  are  not  true 
ilykes,  which  are  a]wa}:$  of  igneous  rocks.  The  explanation  of 
ihcie  curious  siruciures  is  given  by  many  modern  earthquakes, 
notably  the  great  In<li:;n  rjuukc  of  1897  (see  p.  41).  ft  will  be 
rtmcmbcred  that  on  that  great  disturbance  the  ground  opened 
in  innumerable  flviurt^i,  tbmugh  which  ''  astounding  (juantities  " 
of  sand  and  water  ncre  discharged.  Not  all  the  fissures  communi- 
CRie  with  ibe  surface,  and  if  the  superficial  ruclu  rest  upon  uncon- 
solidated beds  of  sand,  the  sand  will  be  forced  upward  into  any 
cracks  that  may  be  formed,  xs  1>ure-holes  arc  someiimet  clogged 
at  consiUcrabte  depths  with  clay  squeezed  into  ibem  by  the  pressure 
of  the  overlying  rock. 

It.  Ore  Deposns 


The  tcnn  ere  implies  an  economic  conception  and  means  a 
source  of  supply  of  a  metal  which  can  be  pro6tably  worked,  hence 
the  jtroportion  of  the  metallic  constituent  which  must  be  present 
for  profitable  working  de])e»ds  very  largely  upon  the  |>rit*e  of  the 
meuL  Iron  ore,  ready  for  the  blastfurnace,  must  have  at  least 
35  %  of  the  metal,  whilt  a  3  %  ore  of  co|)per  may  be  em|iloyed. 
The  table  of  the  elements  which  chictly  make  up  the  accessible 
parts  »f  Ibe  earth's  cru.U  (see  p.  6)  shows  that  the  only  conuner* 
daily  imptmant  metals  which  arc  among  Ihc  lirst  eight  elements 
arc  aluminium  and  iron,  while  (he  oiher  metals  form  but  an  ex* 
cdsivcly small  proportion  of  the  crust.  It  has  been  estimated  that 
lead,  tin, and  cine  form  some  hundred- thousandths  of  a  per  cent 
cacb,  copper  is  in  the  hundred-thousandths  or  millionths  of  a  yet 
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cent,  silwr  a  tenth  or  a  hundredth  as  much  as  copper,  and  paid 
one  icoth  iL»  murh  m  silver.  (Vogi.)  Inliniii^^inial  ii*  Ihrsc  pro- 
porliviw  B«m,  the  metals  arc  \'cr>' widely  disseminated  in  the  rocks, 
MvH  tliv  pruTftuitK  uf  ore  deixwtlton  are  therefore,  atwv-e  alt.  pn- 
ttars  o/concfntriition,  by  which  the  scattered  particles  of  the  metal- 
lit:  i'<>ni|>ounds  are  broujtht  together  in  rclaiively  large  quantity. 

The  variety  of  ore  deposits,  regarded  fn)m  the  standpoint  cilber 
<j(  iheir  conlenU,  iheir  mode  of  formation,  or  the  rocks  in  which 
ihey  nrc  f<iund,  is  excessively  great,  anil  no  chiKfiticattMn  of  ibm 
i*  wilisfaclory.  All  that  can  be  ailemplcd  here  b  a  des«:fipiioa  of 
tamt  of  the  commoner  and  mure  topical  kinds  »f  ore  dqiosiu, 
with  a  brief  discussion  of  the  problems  concetning  their  origiii, 
problems  ivtiich  are  ^iill  very  far  from  defmiti^e solution. 

Stmtified  Ore  Deponts  arc  usually  of  iron,  or  less  commonlf 
mangitneie,  and  occur  in  beds  in  tcrsi  rati  tied  with  other  rocka. 
The (krothemMhxs  may  l>c  found  in  (.itniinuoub  sheets,  thick  beds 
or  scattered  nodules,  xnd  were  evidently  deposited  from  solnlka 
tn  water,  like  the  txig  and  lake  ores  which  are  now  in  prticoA 
of  formation.  \'ery  frequcnlly  b<^drd  ores  of  iron  arc  found 
among  highly  meinroorphic  rocks,  es|)C<;iaUy  the  rT>>talliDC 
schists.  IHtKtts  are  ri^-er  gravcb  which  omliiin  grviDS.  or  naf- 
gets  uf  heavy  metals,  such  as  gotd.  pUtinum,  or  tin  cuddc  (mtbib 
lln).  They  are  due  tu  ibe  concentration  of  ihe  meullic  partirie^ 
originally  scattered  through  veins  or  rocks  by  erosion  atkd  stnaa 
iniuporinlion,  an<l  owin>:  to  their  high  sficiific  gravity  the  meuBc 
particles  arc  thrown  down  where  grai-d  is  depoeiled.  Tbc  taut 
ftnl  ore  deputibt  thus  ofTcr  n<^  partictUar  diSkultr  of  eicpbiMliaK 

Om  dot  to  Mngiaatk  Segiecatioa  —  Inuur^udyoftbrigMNi 
rockStWeleanKdthaldcrp-sealed  molten  masses  in  the  stow  pncos 
of  cooling  and  consolidation  fte<)ueotly  undergo  dtSemiituia^ 
M  thai  ditferatl  puts  of  the  same  cooitntMus  ampam  consoBAli 
tnlo  rocks  of  my  diScmt  compoMtion  (see  p^iQo).  Many  bnie 
rods  roouia  ractsMlerabk  quaodlits  of  inctab,uKf  tWn  »  pmk 
mioa  to  bcticve  ihai  by  seftqgBtioa  these  menlBc  ODSidlBeBa  aif 
be  9o  conccfltnted  as  to  fonn  otc  bodia.    The 
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which  are  referred  lo  this  mode  of  origin  arc  magnetic  imn  nxidc, 
genrraJly  i-<mlaininK  tiUinium,  such  as  those  of  the  Adirondack 
MounUins,  New  York,  nnd  miiny  other  regions.  Inm  .sulphides 
contiiiniiiK  nickel  in  paying  quancilies  occur  in  I'ennsylvania  and 
Canada,  attd  nickclifemms  olivines  in  Oregon,  all  of  which  are  re* 
gatrded  as  due  lo  magmalic  segregation.  Chromlic,  the  oxide  of 
lion  and  chromium,  alsn  form.i  ure  liotlie.t  of  (irolKihly  similar 
orifttn,  and  the  f^eal  body  of  zinc  ores  at  Franklin  Furnace,  New 
Jcreey,  h.*is  licen  rt'fi-rred  lo  the  same  category. 

0ms  dtw  to  Contact  Mctamorpbism.  —  When  the  country  rock, 
which  U  in\^deil  by  a  plulonic  mas-t,  is  of  a  kind  that  permits  ex- 
tensive penctniimn  by  the  magmaiic  vapours  and  gases,  mctamor- 
phi.ijn  may  result  for  a  considerable  distance  from  the  inirudinK 
igneous  rocks.  Among  the  new  minerals  which  arc  generated 
along  the  contact  zone,  metallic  ores  may  occur  in  sufBcieni  quan- 
tity to  be  e<ronomically  im^Hirtant.  The  minenils  tn  question  may 
\k  deposited  in  the  interstices  of  the  wall  rock,  or  may  repbce  that 
rock  Ijodily  for  a  greater  or  le?»  distance  from  the  actual  <-ontai-l. 
Ore  bodies  formed  in  this  manner  are  usually  characterized  by 
(hepresenceof  garnets,  oxides  and  sulpliides  of  iron  ina.'isocialion, 
and  by  fiuorile  and  other  mineniU  containing  tluorinc  and  boron. 
As  we  haie  seen  (p,  409)  there  is  a  difference  of  opinion  among 
geologistti  a»  lo  how  far  new  mineral  suUManccs  <:an  be  carried 
into  the  walk  of  country  rock,  but  such  a  case  as  the  Dolcoath 
mine  in  .Montana,  more  than  half  a  mile  from  the  cc>nlacl  with  the 
granite,  which  has  been  the  chief  agent  in  metamorphosing  the 
district,  is  highy  suggestive.  "The  ore-bearing  stratum  of  the 
mine  was  originally  a  bed  of  impure  limestone,  which  has  been 
metamoq)haaed  to  gsmet  and  pyroxene,  with  spots  of  calcile. 
Associated  with  these  ganguc  mii>eraU  arc  sulphide  and  telluride 
of  hismuth,  containing  gold."    (Spurr.) 

HetaDiferotis  Vein*  (or  Lodet).  — These  are  particular  varieties 
of  mineral  \cins,  the  pn'ncijial  characters  of  which  have  been  gii-en 
ID  the  prttTcling  sectiim.  MHaDifemus  veins  are  nu  excqUion  to 
the  rule  that  subterranean  activities  &re  iwt  wdt  UTwi«m<Qio&, 
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tnaa  tAofMaa  cumwiiig  the  taodetd  fomuiaK  «f  socfa  raw. 
However,  tfacrr  h  gmcnt  agrceBcni  that  the  cnaicBb  o(  t-di»,bo(k 
fpMgst  and  ucot,  IttT*  uctnacporinn  nooi  lotoioii  iiitnenntlv<ucn 
and  rapoim,  joM  w  ccruia  emting  hot  spdap  an  makii^  simihr 
depofitaiiowfuep.  194}-  Tbe  Knt  requbtle  for  the  fnnRaliDa  of  1 
bide  h  a  water  channel,  because  ibe  mrtab  an  present  in  ninntt 
qtMUriiliei,  and  immente  quatilitiei  of  v»ler  tnu»l  past  before  injr 
considerable  deposit  caa  be  accumulated.  Hence,  or  depcaits 
are  found  in  fiMuro,  shattered  rock-masso,  in  jtitnt^,  in  porous 
and  loluble  strata,  where  water  majr  pass  with  comparative  Eree- 
dcnn,  anrl  further  these  waterways  must,  directly  or  indirectly, 
communtcale  with  great  depth;,  or  with  highly  heated  rociu, 
pcnniltinft  supplies  of  hot  water  to  reach  them. 

There  ii  no  generiil  agrccmenl  as  to  the  source  of  the  waters 
tliHl  have  filled  ihe  veins  wiili  t^angue  and  ores.  Perfaa)V(  the 
tnitjority  of  geolo^iKtit  inrlinc  to  the  opinion  that  such  waters  are 
mtteme,  i,t.  of  atmospheric  origin,  and  that  the  waleis  dcscendinj; 
(hnruKh  lilt-  tticV*  dissolve  the  metntlic  and  oihrr  minerals  and  pcne- 
iralc  to  great  depths  until  the}' become  highly  heated  and  rise  aRun 
ifiroUKh  ris.«ures.  As  (he  waters,  thus  charged  with  ore  and  ganguc 
minerals  in  solution,  ascend  to  the  cooler  layers  nearer  the  surface, 
they  are  chilled  and  precipitate  liie  Ki'caier  part  of  tl>e  di.^MjK-ed 
tubstancca  along  the  wutenrays.  An  alti-rnutive  view,  which  sceras 
In  }tv  better  founded,  is  that  the  solvent  hot  waters  are  largely  of 
magmalic  ori^ti";  that  in  to^iy,  that  ihcy  are  derivwl  from  the 
immense  ([uanlilies  of  superheated  steam  which  inipief^nate  ihe 
igneous  magnmi.  How  vast  is  the  amount  of  this  water,  is  shown 
IM  by  every  great  volcanic  eruption,  but  the  slowly  solidifying  plti- 
Ionic  h(Hli«t  must  give  off  their  steam  much  more  gradually.  With 
Ihe  highly  heated  ascending  magmalic  waters  arc  doubtless  mingled 
a  greater  or  leas  proportion  of  meteoric  waters,  varying  in  amount 
actording  to  local  circumstances. 

1')te  views  held  concerning  tlw  origin  of  the  ore  sutwtanca 
'M-nvveb-cs  are  iimilarly  dii-crgcnl.    The  hypothesis  that  thcsolvciil 
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watcni  arr  mninly  of  mclrorit  origin  t^i-tm^  (■>  invoN-v  tht  conclusion 
lh:U  the  mcutlic  miiKrals  arc  di!«olvcd  out  of  the  lock^  ihrouf^h 
vhich  the  Meters  descend,  while  the  magmaiic  hypothesis  tinds  the 
source  of  ibc  mctuls  in  the  plutunic  niuurs.  For  lack  of  space,  it 
is  impracticable  to  present  here  the  c^ideacc  for  and  agalnit  the>e 
conflicting  opinions;  it  must  suffice  to  point  out  that  the  exceptional 
occurrence  of  the  metalliferous  \'cins  and  the  nearly  or  quite  uni- 
rcTsal  association  of  igneous  rocks  with  suth  v«ins,  >eem,  in  the 
present  state  of  knowledge,  to  lend  greater  probability  to  the  mag- 
matic  hypoliiesa.  Obviously,  however,  no  definitive  conclusion 
B  yet  possible. 

Stfondary  Enrifhmenl  of  Veins. — The  outcrop  of  a  mineral 
vein  is  much  altered  by  weathering ;  the  depth  to  which  this  altera- 
tion penc^irales  is  determined  by  the  level  oi  the  ground  water. 
For  example,  in  (be  deeper  portion  of  many  gold-bearing  veins  the 
gold  is  contained  in  crj'stals  of  pyrJie,  while  above  the  ground- 
water Wei,  in  the  shell  of  weathering,  the  gold  is  scattered  in 
minute  threads  and  grains  of  native  meial  through  a  mass  of  more 
or  les  shattered  quarts,  which  is  stained  ru^ty  red  or  hrown,  and  the 
pyrite  has  disappeared.  ^Tite,  when  exposed  to  air  and  water, 
b  slowly  converted  into  the  Mitubte  ferrous  autjihale  (FcSO^, 
which  in  turn  is  oxidized  into  limonitc,  with  h'beralion  of  sulphuric 
acid.  Iitm  is  an  imporlant  constituent  of  most  ore  Iwdies,  and  its 
concentration  and  deposition  below  the  surface  as^  limonitc  or 
hematite  forms  the  gossan,  or  iron  hat  of  mining  phrascolog)-. 

Is  many  miu  the  process  of  wcjithering  mulls  in  the  formation 
of  a  w)ne  of  secondarily  enriched  sulphides.  The  unaltered  ores 
in  the  depths  of  the  vdn  arc  sulphides,  but  from  the  surface  lo  tlic 
ground-water  level  they  arc  oxidized,  and  below  the  zone  of  oxida- 
tion is  found  that  of  the  secondary  suljihide^,  which,  when  present, 
is  apt  to  l>e  much  richer  than  the  deeper  portions  of  the  vein,  be- 
cause it  represents  an  nd<litional  stage  of  concenlralioiL  The 
metals  are  dissolved  in  the  oxidi/eil  i><)rti<>ii  "f  the  vein  by  percolat- 
ing watera,  carrieil  downward  and  suhetitutcd  for  part  of  the 
iron  in  tbc  original  sulphides  below. 
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Or  Dcpoata  foimtd  by  Surfnce  Wateis.  —  The  ore  bodies  of  ihU 

da»  arc  formed  hy  ihc  con  rem  ration  of  ihe  melaU  dLtaeminaied 
in  Ihe  rocks,  through  solution  <ind  <iq>«ftition  by  surface  n-dti:r<. 
Such  dc]M»ils  arc  n)a<le  not  far  from  the  surface,  to  which  ihey  sfacn 
a  (lefinilc  reliition,  and  disappear  downward.  The  in<K^t  abundant 
ores  of  this  c)as«  arc  those  of  iron  and  are  cxcmpUGcd  in  the  famwe 
l^ake  Superior  region. 

Many  of  the  ores  of  lead  and  zinc,  which  alw  occur  in  reins, 
seem  to  be  referable  (o  (his  chs»,  though  the  tKKlie»  hai'e  no  tJeliniw 
relation  in  form  to  the  surface.  Such  ores  occur  in  limestones, 
in  crevices,  alon^  joint  or  liedding- planes,  in  cavities,  or  by  reiilaee- 
ment  of  the  country  rock,  and  appear  to  have  no  cnnnection  with 
any  fissures  rising  from  ft^eat  depths,  nor  with  inl^u^tve  masses  of 
igneous  rock.  The  mwlc  of  formation  of  these  ore  bodies  has  been 
the  subject  of  much  discussion  and  is  not  yet  entirely  clear,  but  in 
the  cajie  of  the  upper  Mi.s»i.<sippi  \'.tlley,  for  emmple,  it  is  vtrj 
generally  believed  that  the  deposition  has  been  accomplished  by  de- 
scendinx  and  circulating  watent  from  (lie  surface  which  have  dU 
solved  and  concentrated  the  metallic  sulphides  originally  dissemi- 
nated thinly  through  the  limestones.  The  dii>seminated  s.ulphi4k5 
are  »upp"«cd  to  have  been  deposited  in  the  limestone*  at  the  time 
the  Utter  were  accumulating  in  a  j^real  inland  sea.  being  broi^ctU 
in  solution  from  the  land.  There  is  ground  for  believing  that  lead 
is  but  one  member  of  a  scries  of  radio-active  elements,  and,  if  the 
is  true,  we  shall  be  unable  to  determine  wliich  of  these  elements  was 
the  one  actually  deposited  in  that  ancient  sea. 


Summary  of  Structural  Geology.  —  Structural  geology  brings 
vividly  before  us  the  innumerable  change.*  through  whi<h  the 
earth's  surface  hjis  piussed,  and  which  arc  recorded  in  the  rocliA 
Thesedimcntarj'  rocks,  originally  laid  down  under  water  in  appron- 
matcty  h»riiont:d  piisition:i,  have  been  upheaved  into  bnd  surfnccN 
either  without  losing  that  horizontalily,  or  being  lilted,  folded,  com- 
pressed, or  even  violently  overturned.  Or,  they  may  he  fractured 
and  dislocated  in  great  faults  and  thrusts.    These  movements 
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wc  hav~C  fouDd  to  be  tlui-  to  rnonnoij?  laicral  compression  set  up 
wilbin  the  cruat  of  the  earth,  a  comprcuMim  Keneraied  in  »)ine 
ounner  not  yvt  dearly  understood.  Whether  folding  or  faulting 
•(halt  resitll  from  a  )t>vcn  compression  dcpen<U  upon  the  rifEtdily 
of  tbc  stmlu,  upon  the  load  which  ox'crlies  them, and  the  sudden  or 
gradual  way  in  which  compression  is  applied,  llie  rc^ulu  of  com- 
pretsion  on  a  large  .scal«  ure  actum piinJed  liv  certain  minor  chanjjes 
DOt  less  characteristic.  Compressed  rocks  are  cieaied,  fissile, 
nr  .schtslcHe,  accordEiig  to  the  intensity  of  the  action,  and  whether 

!  rocks  affected  arc  in  the  shell  of  Howagc  or  of  fracture.  These 
,  may  )^  so  far  as  complciely  to  reconstruct  the  minerals  of 
roclts,  destroying  the  olil,  generating  new,  and  obliterating  the 
orifpnal  character  of  the  strata.  Tkiis,  displactmcnii.  dhlocalhm, 
eUavagf,  jissUUy,  and  dynamic  mf tumor pkism  are  but  the  varying 
rauits  of  tateral  compression,  adtng  under  dij^eretit  conditions  and 
at  Vitrying  depths. 

Another  class  of  rocks  —  the  igneou;<,  massive,  or  unstiatified  — 
we  found  to  have  penelralcd  and  overflowed  the  strata,  and  to  have 
cionsolidaled  in  the  lissures  and  cavities  which  the)'  have  made  for 
Ibemaelvcs,  or  to  have  been  poured  oui  ficcly  on  the  surface. 
According  to  the  circutnxtAnci-N  uixler  which  these  ma.-<.'<es  ha^-e 
cooled,  the  rcsullin);  rock  is  of  glassy,  porphyriiic.  finely  or  coarsely 
CT^'xIalliiie  texture.  When  .-mlidified  as  nheetH  or  ilykes,  the  igneous 
rocks  may  be  folded,  faulted,  cleaved,  or  metamorphosed  like  the 
strata,  and  wltcn  a  reji^ion  ha.'^  tieeii  long  and  repeatedly  subjected 
to  compression,  its  structure  may  become  excessively  complex, 
and  the  metamorphosis  of  its  rocks  so  complete  that  not  even  the 
most  caivful  examination  will  suRice  to  distinguish  those  rocks 
which  were  originally  sedimentary  from  those  which  were  igncoua. 

Highly  heated  waters  rirciilaling  through  fissures  and  along  the 
joint-planes  of  the  rocks  deposit  the  substances  which  form  the 
mineral  and  mclalliferou^  veins,  though  concerning  the  source  of 
these  substances  and  of  the  solvent  waters  there  b  much  difference 
of  opinion. 

Our  study  has  taught  lu  that  many  of  these  processes  gu  on 
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deqi  within  Ibc  earth's  crust,  and  hence  cannot  be  directly  ob- 
served, but  must  l>e  inferre<l  fmm  l{i«ir  results.  Encouraging 
pF0;!7Css  has  alrt-ady  been  made  in  this  work,  but  very  much  more 
remains  to  he  done  before  our  knowledge  of  structure  and  it£  full 
meaning  .iliidt  be  even  uppruxinuilely  cumplcte. 


PART  in 

GEOMORPHOLOOY 

CHAPTER  XVIII 
THE  GEOGRAPHICAL  CYCLE 


GF^iioRPHOiX)cy.  or  physiography,  h  Ibc  Mudy  of  the  io|h)< 
graphkal  features  of  the  eurlh,  and  of  the  mciins  by  which,  and  the 
manner  in  which,  Ihcy  have  been  produced.  In  ihU  country  the 
term  physiography,  or  phy^iographka!  gc'ilogy,  is  firmly  cslabliiihed 
and  very  widely  used.  This  is  unfortunate,  because  the  lemi  was 
(iriginally  [)ri)[>oiwd  3ru)  still  continues  to  he  employed  in  a  very 
difTcnrni  scivfc.  It  would  be  an  advantage  in  c1earnei»  and  pre- 
dskiD  of  nomenclature,  if  Gfomorfikogrny.  which  is  extensively 
made  use  of  in  Germany,  could  be  substituted. 

TbU  subject  L*  primarily  a  departmcnl  of  physical  geography, 
but  b  of  raluc  to  the  geologist  for  the  light  which  it  throws  upon 
the  hLuorkal  development  of  the  land  surfaces,  and  upon  features 
of  the  past  which  are  not  recorded  in  the  processes  of  sedimenta- 
tion. IIk  geographer  endeavours  to  explain  the  Ic^wgraphjcal 
forms  of  (he  land,  and,  in  order  to  do  this,  he  must  show  how 
those  forms  have  originated.  The  geoio;{ist,  on  the  other  hand, 
makes  use  of  the  topography  to  determine  what  changes  hare 
passed  o^fr  the  land,  and  in  what  order  those  changes  have  oc- 
curred. The  old  melho<l  of  reading  geological  history  nancemcd 
itself  rocfcly  with  the  sedim«ntar>'  accumulations  and  igneous 
EnlniiJons.  This  method  Iia$  the  defert  nf  leaving  u.t  wilhmil 
iuformatlon  regarding  the  changes  of  land  surfaces  (,c\ccv^  <k\k.i« 
~  4« 
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liiiiifcri  Mfami  of  (be  wa  are  recorded  in  uncosfotaddc*)  and  Uk 
deuQ>  of  iDoaiitain-auiking.  The  phjsiograplncal  metbod  sa^ 
pfetnenu  this  by  adding,  ia  pan,  the  required  iofamaikn  coa- 
ctndag  Ibc  Und ^urfacc^  Each  inetbad '» iinjiroved  and stiVDglli- 
eaud  when  wc  use  both  of  tbcm  together,  and  when  we  arc  afait 
to  conetate  ibe  acctunulalion^  of  aeifimenu  with  the  denacHng 
pfocuaca  whicb  furnbbcd  tbr  material. 

The  topopaphT  of  any  land  area  may  be  cocsidered  as  the 
tMjtcvtae  of  a  ttntg^  between  two  oppodng  sets  of  agencita: 
(■)  (hone  whkh  lend  to  upheave  tbc  repon  and  thus  mocase  it) 
elcvatiim;  (2)  thme  whkh  tend  to  cut  down  the  land  in  one  place 
and  build  it  up  in  another.  'I'he  latter  cocnpriMr  tbc  agudes 
nf  ^gradalioH  and  aggraJtilutn  re:ipe(.-ti»ly,  while  the  fonncr  are 
the  diastrofhk  ageiuies. 

The  delaik  of  topof^phy  are,  in  large  degree,  nmtmlled  b)- 
ilill  a  third  da!»  a(  (actors,  which,  howe^'er,  are  passit'e  ralber 
than  active;  namely,  the  character,  arran^nicnt,  and  attitude  of 
the  rock  ma&v5.  A  partially  dcRradcd  rtfiion  in  which  the  ruclu 
are  h(>m<>geneiius  wilt  have  a  very  cHfferenl  kind  <i(  n-lie(  from  o«ic 
in  which  the  rocks  are  hcicroReneous  and  differ  materially  in  ti>e» 
power*  of  rcsii^lanie  t"  ihc  rlcntuling  agents.  A  rrgi^m  of  hoci- 
zonial  strata  will  giw  tine  tn  very  differcni  tt^xi^r^phical  fin 
from  thn«e  which  are  developed  in  areas  of  folded  or  tilted 
We  must  further  di^iinxuLNh  between  regions  whose  tojiography  \ 
in  the  main,  due  lo  (ontlnutht  processes  and  those  in  wludi 
denudation  has  prevaiicd.  Examptes  of  Much  con-ttructive  form* 
are  volcanic  mnunlainv,  and  plains  or  plateaus  formed  by  widdy 
extended  lava  flows,  plains  newly  deserted  by  the  sea  and  due  to 
tediroentatton,  alluvial  plains  nf  rircre.  and  the  mounds,  ridges, 
or  sheets  of  drift  spread  out  by  the  action  of  glaciers  and  nf  ihe 
waters  derived  fmm  tlietr  melling.  'SliU  another  important  kind 
of  lo)x^r:iphy  is  the  tfct&nk,  in  which  Ihe  main  features  have  Ixta 
determined  by  tectonic  (>roces,-«s,  more  or  tess  modified  by  sub- 
«e<]ue»l  denudation;  Ihc  ridges  are  anticlines  and  the  vaOeys 
lines,  while  fault  scarpa  may  form  long  tines  of  difi. 
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The  topography  of  any  region  U,  as  we  ha>-e  seen,  the  resultant 
of  the  very  complex  inlcractiiin  i>f  many  dilTcreni  kind*  of  faciun, 
and  w  subject  lo  continual  change  accorditi);  tu  drfinile  laws. 
Let  us  suppoM,  in  ihe  first  In^lam-c,  ii  region  newly  upbcarad 
from  Iwneaih  the  sea  into  dry  land.  The  topography  of  such  an 
area  will  be  iomiriKlionttl,  due  entin-Iy  In  ihe  (irocesses  of  dia- 
»truphBm  2nd  accumulation,  and  characterized  by  the  alinence  of 


nc-  M^  —  Volnnin  M>po(i>phir.  notthnn  Ariicoa.    (U.  S.  O.  H.) 

a  higlily  developed  sjstem  of  drainajce  by  streams.  The  cxiastal 
plain  of  the  middle  and  southern  Atlantic  Stales  is  an  example  of 
such  lofMjtraphy  but  slig;hlly  modifiied. 

Next,  the  i)n)ccs<«s  of  denudation  tienin  their  work  u|>«in  Iht 
region.  The  sea  attacks  ihc  coast-line  by  cutting  it  back  in  one 
place  and  Uiilth'ng  it  out  in  aiwlher,  until  a  nmtdition  of  equilib- 
rium is  attained.  Rivers  are  established,  adjusting  themM:hTs  to 
the  KtruOure  uf  the  underlying  rock^  and  cutting  dccY»,VTt:nicV\iNuc 
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valleyK,  while  the  atmospheric  agencies  widen  out  the  vidlc)'«, 
slowly  wearing  down  and  washing  away  the  sides  and  lops  of  the 
hill.t.  Thb.  is  the  staf^e  in  which  we  lind  the  greatcM  <tcgre<:  ami 
variety  of  relief,  and  it  may  be  called  the  stage  of  malurUy,  as 
contrasted  with  the  first,  which  is  a  stage  of  yoiilh.  The  continu- 
ance of  the  <lcgr«<iing  operations  will,  if  uninterrupted,  c^-cntually 
wear  down  the  region  to  a  nearly  plane  surface,  through  which 


Fi<:.  ajo.  -  OIucUl  iupu£i«[jli/.  cuicm  Wju)iiii|fian.     {\J.  S.  G,  3.) 
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sluggish  streams  meander,  the  featureless  condition  of  M  age. 
Vihea  the  process  is  complete,  the  country  is  said  to  be  base- 
tetvUfd. 

The  conceplion  of  the  rycle  of  iepogtaphk^  devtiofimetU  is 
ecKntinl  in  geiitnorpholiigicul  ren»oning.  Ka<:h  cycle  begins  with 
the  Ufdifl  of  an  area  approximately  at  base  \vw\,  the  procesaes 
,of  denudalfon  wurlitng  wiih  minimum  efliticncy  and  extreme 
tiomtea.     The  mo\'emcnt  of  uj>heava]  revinfi<»  tlic  dcstnictivc 
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agencies,  and  the  w»rk  of  caning  out  a  surface  of  relief  l>egin!( 
afresh,  only  to  terminate,  unless  mtcrruplcd  by  renewed  clcvatioo, 
in  once  more  ba^iie-Ievelling  the  region.    A  complete  c)^:^  is  thus 
from  base  kvcl  bade  to  base  level,  (tiough,  &5  it  is  a  cycle,  a  be- 
ginning may  be  wlcctcd  ax  any  part  of  it. 
I        Tlic  details  of  the  cycle  difTer  wiilely  under  dilTerent  climatic 
conditions.     If  we  lake  the  succc^ivc  stages  as  they  arc  developed 
in  a  pluvial  clim;Lte,  ivilh  all  luL^ins  tilled,  abundant  rivcis  running 
to  the  sea,  and  all  the  snow  of  winter  melting  in  summer,  lo  con- 
stitute (he  wrmal  cycle,  we  shull  Gn<l  that  the  arid  cycle  of  desert 
^elimatte  deviates  from  the  normal  in  very  important  ways, 
^H  The  term  age  as  applied  lo  loiMgraphical  features  docs  not 
^Btean  the  length  of  time  required  for  their  fonnation,  but  merely 
^Bhc  Kiagc  of  <I<-vc!opment  within  the  cycle  which  they  have   at- 
tuned.   The  length  of  lime  required  to  reach  a  given  stage  of  such 
de^'elopme^t  will  vary  greatly  in  difTereiil  regions  in  acronlancc 
with  climatic  conditions,  the  re^stance  of  the  ro(ks,  their  altitude 
above  sea-level,  and  similar  factors    An  area  of  resistant  rock» 
^^B  an  arid  climate  will  1^  h.irdly  at  all  iidected  in  the  time  that  a 
^^paiA  of  soft  rocks  expowd  to  a  heavy  rainfall  will  be  cut  down  lo 
base -level - 

It  seldom,  if  ever,  happens  that  the  topographical  development 
of  a  region  {tnH-nds  uninterruptedly  through  the  stages  of  youth, 
maturity,  and  old  age.    Oscillations  of  level  introduce  new  con- 
^^£ti<KU>  an<l  cau»e  the  work  of  dc^nudation  lo  »tari  afr«»h  with  rc- 
^^ewed  energy,  or,  if  the  movement  be  one  of  depression,  it  will 
'     check  the  work  already  ui  pr(>greis.    The  t)xles  of  development 
are  thus  p«nial  rather  than  complete,  and  a  given  npoo  may 
di.-^>lay  (o]x>graphical  form»  dating  from  very  (lifferent  and  widely 
separated  c)-cles.    The  more  resistant  rocks  retain  the  features 
acquired  in  an  earlier  cycle,  while  the  weaker  and  more  destructible 
rocks  have  already  taken  on  the  forms  due  to  o  later  cycle.    A 
land^icapc  thus  often  includes  feature^  of  different  geological  dates, 
ami  it  is  in  ll>e  identitkatii^n  of  the^e  that  the  value  ol  the  physio- 
graphical  method  to  historical  geology  consbts. 
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In  the  produrlioii  of  ni-w  topographical  fonne,  old  ones  an 
more  or  less  completely  dcsinjyed,  and  thus,  ibc  fartber  liack  in 
time  vfc  go,  Uie  (cner  subdivisions  arc  recogniziiblc,  and  only  the 
outlines  of  the  great  cycle*  can  be  followed.  Very  ancieni  fealurts 
would  be  ijuiic  olillleraicd  in  tbt  juccc^siw  (■ycles  of  dcvclop- 
mcnl,  were  they  not  sometimes  buried  under  the  sediments  of  an 
encroadiing  sea.  A  .>ub.ie(]uenl  reclevatiim  of  llie  arrii  into  lani), 
and  a  stripping  away  of  ihe  covering  o(  newer  sediments  by  the 
agencies  of  denudation,  wiil  again  bring  to  liglit  (he  aiidcnt  land 
surface  which  had  been  buried  for  ages.  An  interesting  example 
of  ibis  is  prc>cnlcd  by  the  Cbarnwixnl  Forest  in  England,  when 
an  extremely  ancient  landscape  is  slowly  coming  to  light,  as  Ihe 
covering  of  soft  rocks,  whicb  bas  so  long  preserved  it,  is  removed 
by  denudation. 

In  I'art  1  we  bave  already  studied  the  agencies  of  denudation, 
but  ihcrc  we  concerned  ourselves  princiiKtIly  with  iheir  modes  of 
operation  and  their  efficiency  in  destroying  old  rocks  and  in  fur- 
nishing material  fur  the  construction  of  new.  We  have  now  to 
consider  these  agencies  from  a  somewhat  diifcrent  point  of  view; 
to  determine  tbe  characteristic  forms  of  l:uid  sculpture  which  the)' 
produce  at  the  various  stages  of  their  work. 

The  Sea.  —The  work  of  the  sea  is  confined  to  the  eoasl'Une, 
which  it  cuts  back  by  the  impact  of  its  wa\-es  and  ciiircnts.  S|>cak> 
iiig  broadly,  the  waves  do  but  little  effective  work  ijclow  the  limits 
of  low  tide,  and  advance  by  undermining  and  cutting  down  lEie 
cHffs  which  form  the  coast.  The  result  of  the  work  is  to  form 
a  [it.ilform  cmered  by  shallow  water,  which  is  tailed  a  plain  of 
marine  denudation.  As  obscn'cd  in  actual  cases,  these  platfonni 
are  narrow;  for  so  long  «  the  sea-level  remains  constant  wtdi 
reference  to  the  land,  there  is  a  limit  to  tbe  effcctivx  assault  of 
the  waves  upon  the  sliore.  The  water  covering  the  platform  is 
very  shallow,  and  only  in  exceptional  cases  do  the  waves  have 
sufficient  power  to  overcome  Ihe  friction  of  a  wide  platform.  TIic 
materials  removed  from  the  land  arc  piled  up  at  the  seaward  tool 
oi  the  platform  and  extend  it  in  thai  direction. 
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An  example  of  a  plain  of  marine  denudation  U  found  on  ihe 
mirtli  COOiit  (if  SjMiin,  nhcrv  tlH'rc  is  a  hniud  plalform  Ivlwoi'n  the 
mountains  and  the  sea,  almost  perfectly  Hal.  This  plain  has  been 
uplifted  aho^-e  ihe  sea-level  and  ha^  tie«n  hut  little  dis^^ei  tc<l  h}-  the 
suba£rial  agents.  Narrovrvr  pUllorms.  stili  in  process  of  exten- 
sion, may  be  obscn'ed  on  most  rocky  and  precipitous  coasts,  a.s 
those  of  Scoilimd,  Ireland,  and  France.  Along  u  slowly  sinking 
t-oast  the  plalforms  may  be  cut  back  much  farther,  for  the  deep- 
ening waier  prevents  the  loss  of  wave  jxnirer  by  ihe  friction  on  a 
^hoal  bottom.  If,  on  ihc  other  hand,  the  coast  rises  at  intervals, 
a  series  of  terrace-like  platforms  will  I^e  cut. 

As  we  shall  see  in  ihe  following  section,  plains  may  be  produced 
by  ilie  work  of  the  subaerial  a^ncies,  and  It  Is  often  im[>nrtanl  to 
distinguish  Ixiwrcn  the  jilains  of  submarine  and  those  of  subal'rial 
iirigin.  This  di.ilinction  cannot  always  l>e  made  wiih  certainly, 
tmt  not  unfrc^iuently  the  plain  shows  unmistakable  signs  of  the 
manner,  in  which  it  was  made.  In  the  plain  of  marine  denudation 
the  sediments  formed  fn>m  ihc  winte  fif  the  land  will  be  deponlcd 
upon  the  seaward  portion  of  ihe  platform,  or  upon  a  lower  lewl 
of  preriou&  formation.  Further,  ihb  sediment  will  show  hy  iu 
character  thai  il  actually  was  derived  frvim  the  material  cut  away 
by  Mnooihinj;  the  plain,  and  the  whole  of  il,  even  its  bottom 
tayers,  will  be  of  marine  origin-  In  such  a  plain  the  a^lvancing 
sea  roust  ha\-e  obiitersled  ibe  stream  valleys  which  had  been 
excavatetl  when  ilie  region  was  land.  This  obliteration  will  be 
performed  partly  by  shaving  down  the  divides,  or  walcrsbc*, 
between  the  strtam»  and  partly  by  filling  up  the  valleys  wilh 
sediment. 

When  Ihe  region  is  once  more  liplifted  above  the  level  of  the 
aea,  an  entirety  new  system  of  drainage  will  \k  rsiablislied  upon 
it,  determined  by  the  slopes  of  the  overlying  cover  of  newly  de- 
posited seilimenLs,  and  having  nn  reference  to  the  struclurc  and 
arrangement  of  the  underl}-ing  crfder  rocks.  These  iKwIy  estab- 
ti»he<)  streams  may,  if  tlie  upheaval  of  the  country  gives  tbero 
sufficient  fall,  cut  down  through  the  newer  sediments,      lodcet^. 
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ibe  biler  may  eventually  be  snept  amy  entirely  by  the  various 
suljocnal  iigcncics,  but  the  slrram  courseg.  whkh  vtrt  determiiKd 
ori(pnally  by  ibc  slopes  ot  that  newer  sediment,  will  show  tittle  or 
no  tulju^meni  to  the  .*lrufture  of  the  underiying  ol<Ier  rockg. 

These  criteria  are  useful  in  idcniifjing  rhosc  plains  which  were 
smoothed  by  tlie  actiun  of  llw  sea;  but  when  the  processes  of  sub- 
aCrial  denudation  have  completely  dissected  the  elevated  area,  aU 
Much  (nideiKes  ntay  be  removed  a»d  the  origia  of  tbe  plain  may 
become  quite  indeterminable. 


Tbe  SubacriiU  Agents  arc  those  which  operate  over  the  entire 
surface  of  die  land,  llteir  tendency  is,  in  the  first  instani-e,  to 
cnr-x  out  %-allrys  and  le^ivc  relative  eminence:^  standing,  and  lhu« 
to  increase  the  irreRulariiy.  or  rdief,  of  the  land.  This,  however, 
is  merely  a  tem|>orary  ^lage,  and  If  lime  enou^i  be  granle<l,  thtae 
agencies  will  sweep  away  the  irregularities  and  plane  the  entire 
region  down  to  l>a«-Ic\'el. 

Rii-crs  cut  don-n  and  deepen  their  channels  so  long  as  their 
beds  have  sufficient  slope  and  fail.  The  banks  also  are  under- 
mined,  as  the  current  swings  from  side  lo  side,  and  fre<iucntly  fall, 
thu.i  widening  the  channel.  The  sides  of  (he  trench,  unless  re- 
mm'cd  by  other  agencies,  will  be  as  steep  as  the  nature  of  the 
rock  material  will  allow.  Unassisted  river  action  wUl,  therefore, 
cut  nearly  vi-rtiial  trenclK^s,  which  are  cimlinually  dec|>cn<'d,  until 
tbe  base-level  is  reached.  Examples  of  such  riirr-tut  trrnehcs 
are  the  An  Sahle  Cha.sm  (i*e  Fig.  58,  p.  143)  and  the  inner  gorge 
of  the  Grand  CaKon  of  the  Colorado. 

Tbe  trench-like  valley,  with  nearly  vertical  sides,  b,  however, 
not  the  visual  form  of  river  valley.  The  almofiphcric  ageiK-ics,  tbe 
undermining  and  sapping  of  springs,  landslips,  and  the  like,  are 
continually  wearing  away  the  sides  of  the  e^cavaiiun,  the  wnsle 
thus  produced  being  readily  carried  away  by  the  stream.  As  the 
upper  part  of  each  hill^de  and  cliff  Ls  llial  which  has  been  longesl 
exposed  to  the  denuding  agencies,  the  valley  will  be  widened 
tbe  top  more  than  at  the  bottom,  and  will  gradually  become 
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icly  open,  unless  th«  allcmalion  of  hard  and  «oft  strnta  be  such 

to  fxvour  the  reiention  of  ihe  clitT-likc  form  by  undermining. 

system  of  rircr  valleys  is  nomiiilly  accordant,  the  tributiirics 
iterin^  ilw  main  Mream  at  grad*,  and  each  valley  is  winding, 
rith  i>njjec(ing  spurs  fn)m  ilif  sides,  aiid  of  V-sJia|)cd  tross- 
\  sectioD. 

The  rapidtiy  with  which  ibi-  deep  and  narrow  irench  is  vridened 
bto  the  broad,  gently  sloping  valley  u-ill  depend  u[)on  two  sets  of 
conditions,  (i)  Upon  tlie  climate,  which  is  as  much  a;^  to  say 
the  intensity  with  which  the  denuding  forces  operate.  Cafions 
ind  nanx>w  gor^n  are  much  more  frequent  in  arid  regions  than 
In  those  of  abundant  rainfall,  (a)  Upon  the  resistant  power  of 
the  rocks.  If  the  valley  a'des  arc  composed  of  rocks  which  yield 
readily  tu  wi-athcring,  the  trench  will  be  sfjeediiy  broadened,  while 
if  the  rocks  offer  jrreat  resistance  to  chemical  and  mechanical  dis- 
iDlegralion,  the  gorge-like  form  will  be  retained  very  much  longer. 
This  is  illtislralcd  by  almost  any  considerable  stream,  such  as  the 
Delaware  or  the  Potomac.  In  certain  places  the  valley  is  widely 
open,  while  in  other  parLt  of  the  course  are  deep  gorges,  as  at  llie 
Delaware  Water  tlap  and  Harper's  I-'eny.  The  gorges  occur  in 
the  places  where  the  stream  cul.'i  across  hard,  resistant  rocket,  and 
the  open  valleys  are  found  where  it  intenects  softer  and  more 
dcsirudible  rocks. 

Rims  also  produce  cb.inges  in  topography  !iy  constructional 
pmcnses,  as  in  their  Hood  plains  and  terraces,  processes  which 
are  mo$l  notable  in  the  lower  [>arts  of  the  coun«,  an<l  which  gain 
Increased  efficiency  through  a  subsidence  of  the  region. 

Degra<taiii>n  u  most  rapid  on  ibc  hillside*  which  border  river 
raUcys,  because  of  the  rrmova!  of  waste  by  the  rivers.  Away 
from  the  streams  (he  denudation  of  the  country  Is  much  ftlon-er, 
because  the  waste  is  less  readily  removed.  Those  points  will 
kingeat  remain  standing  above  the  general  level  which  are  com- 
poeed  of  ibc  banlesi  nicks  and  arc  farthest  rcmorcd  from  the 
priDcipal  lines  of  drainage. 

A  glaciated  rcgioa  has  a  topography  marked  by  rounded. 
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Rowing  ouilinrs.  with  •tmooihed.  (lotislwd  -ind  sirialcl  rock$  in  the 
tcntrj]  £unc,  wbcrc  erosion  waa  most  actit'c,  and  witb  Unc^  ui 
mo<nune,  shwu  of  drift  and  ovcT«-a«h  plaintt,  cskers  and  dnimlin* 
in  the  pcripbenl  zone,  nhrre  cknudation  was  feeblest  and  drpua- 
tlun  more  iin|wrtant.  Glacially  excavated  valleys  are  over  dtep- 
cned.  U-shapcd  in  section,  with  the  projecting  spurs  truncated. 
or  entirely  removed,  and  the  iribulary  val[e\-<i  are  nut  graded  ti> 
the  main  trunk,  but  k({  hanging  on  the  retreat  of  the  ice.  Great 
numbers  of  lakes  are  characieriiiUc  of  &uch  regions. 

The  «ul>aenal  agennes  act  with  the  greoler  cflTicienty  the  more 
elevated  the  region  upon  ivhich  they  operate.  Consequently,  5<> 
long  a&  the  re^on  be  not  again  elevated,  denudation  opentea  at 
a  continually  diminishing  rate.  The  strong  relief  of  hill  anil 
valley  'u  carved  out  witb  comparative  rapidity,  but  the  man 
nearly  the  country  is  reduced  to  base-level,  the  more  ^owly  doc 
degradation  proceed,  and  the  5na]  stages  of  basC'levclling  must  be 
exceedingly  .'<lovr.  NevertheleNo,  if  nu  renewed  upbearal  (akn 
place,  the  lofiics)  and  most  rugged  land  surface  mu^t  Itc  cventv- 
ally  cut  dow-n  lo  thai  level.  The  universal  and  permanent  bax- 
level  is  of  cour^,  the  sea;  but  other  hical  and  ivm|K>rarr  bur- 
(ctcIs  may  for  a  time  control  tlie  development  ol  certain  atvaf. 
Tributaries  cannot  cut  Mow  the  main  utream  inlu  which  ibey 
flow;  a  lake  forms  the  base-level  for  the  streams  which  supfdv 
It,  until  the  lake  U  removed  by  draining  away  or  being  filled  n&h 
sediment.  Kc^ons,  like  the  Great  Ba<jn.  who»e  drainage  fiod' 
no  outlet,  may  have  base-levels  rither  above  or  below  the  Icvd  of 
the  sea;  e.g.  the  surface  of  the  Dead  Sea  of  Pale-siine  Is  1308 fo 
below  tlic  Mediterranean. 

It  fe  perhaps  a  question  whether  any  large  region  has  ever 
remained  stationary  for  a  sufficiently  long  lime  to  Iw  abstiluir>'.» 
base-lcvcllcd.  On  the  other  hand,  there  h  abundant  evidcnit 
to  show  that  such  ureas  have  been  worn  down  to  a  kiir-l}'ifi|, 
(eaturelcis  surface,  with  only  occasional  low  proliihcrances  ri^nf 
aborc  the  general  level.  Such  a  surface  h  called  a  ftnfpl.ii». 
and  represents  what  is  usually  the  final  stage  of  a  cycle  of  denoila' 
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tiOR.  Here  and  there  an  i-iolated  {leak  may  remain  high  enoufih  to 
deserve  ibt  name  irf  muunlain,  which  owes  its  preservation  tu  the 
txccptiottuWy  resistant  nature  of  the  rocks  of  which  it  is  composed, 
or  to  tLs  excc|>liuniilly  favourable  |>ii>it)(>n  tvilh  refereme  lo  the 
drainage  lines.  A  renewed  upheaval  of  the  pcncjilain  will  begin 
another  cinrle  of  denudation,  revivifying  and  rejuvenating  all  the 
dcslrucli^'e  agencies,  and  vullcys  and  hills  Hntl  be  carved  out  of 
(be  approximately  level  aurface.  In  a  peneplain  di.isected  by  the 
revived  streams  the  sky-line  of  the  ridges  is  notably  c%cn,  and  all 


FlC.  031.  —  Ptsep'ain.  U'ilh  nurjml  mmjiiMiii.Siniihriii  <  I      .ii  i;:  .il.  'iv 
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ibe  heights  rise  to  nearly  the  same  level.  Differences  of  level  are. 
bowci-er,  frequently  [woduced  by  a  warping  process,  which  may 
accofflpany  the  upheavid,  raising  i^me  portions,  of  the  peneplain 
In  greater  heights  than  others.  Exccllcnl  examples  of  reilcvntcd 
and  subse^iuently  ditsectcd  peneplains  are  the  uplands  of  soutbcm 
New  Enf^and  and  the  highlands  of  New  Jersey. 

In  toi>ography  climatic  differences  are  very  obvious,  because 
in  each  climate  the  dominant  su)>aeTial  agenl.t  are  characicrtvtic, 
and  the  modifying  eficcts  of  vcgclalioa  arc  likewise  dcpcad«x& 
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npuQ  cUnuUic  (acton.  In  the  polar  lands  destnictive  work  h 
occumplMted  thJeSjr  by  ibc  activities  of  froet  and  ice,  whQe  (n 
temperate  lamb  with  mirmal  rainfall  rivers  and  nin  art-  tin 
priiKipal  agents.  In  arid  rcgiom  changes  of  temperature  and 
wind  are  the  matt  active  processes,  Ibou^  ihc  Rcaniy  vegcUtini 
givTS  ti>  the  rare  but  violent  rains  an  unusual  cfTcctii-eoess.  AB 
of  (hew  climatic  differences  are  reflected  in  iltaracteriattc  topo- 
paphkal  forms. 

The  Arid  Ckxe 

"The  esteniia]  features  of  the  arid  climate  . . .  are:  to  snail 
a  rainfall  that  plant  growth  is  scanty,  that  no  basins  of  initiil 
defi>rmati»ii  are  tilled  to  o\'CTBowing,  that  no  Uoff  trunk  ritm 
air  (armed,  and  hence  that  the  drainage  doe»  not  reach  the  tea." 
(Davb.) 

The  pcculiaritks  of  erosion  in  arid  climaiei  have  already  beta 
described;  it  remains  to  point  oul  the  characteristic  feaiuro 
of  (be  geographical  cyile  under  arid  conditions,  as  tbr 
defined  in  ihe  precctling  puragraph.  The  suctessi^Te  w.  .■ 
the  cycle  are  much  affeded  by  the  topography  at  the 
but  it  iruuM  tcftd  us  too  far  to  lake  into  conslderatinn 
various  caio,  and  only  a  general  outline  can  be  attempted, 
need  only  iLv^unw  the  elevadon  of  a  large  area,  n-ith  mote  or) 
of  deformation.  The  drainage  will  be  confiC({uenl  on  the 
formed  slopes,  and  the  lowest  part  of  each  b«an  will  form  tir 
local  la9C-Ie\*el,  for  the  <lrcains  of  each  ba.<jn  of  deformation 
ue  confined  to  that  basin  at>d  die  avray  in  the  Soor  wilbool 
oiuting  into  a  permanent  trunk  uream.  Occasionally  or  poi- 
odicaHy  a  playa  take  may  form,  into  which  all  the  ^trraxta  mty 
flow,  but  as  a  rule  they  are  disconnected  EraigineDts  of  a  draiaa^ 
^'stem. 

In  (he  ytwih  of  the  cycle  the  highlands  atv  slowly  r- 
and  depc^ltion  takes  place  on  the  skipes  and  llour  of  cadi 
dinUttifhing  the  relief  and  raising  the  local  base-levd,  ■  smog 
csatrast  to  the  catrespoodiag  stage  of  llie  normal  cytie,  in  wWct 
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is  incrcascil  (>y  ihe  excavalion  of  stream  valler*.  Even 
arid  re^na,  hon^vcr,  valleys  arc  cut  on  tlic  highUnd  >^I(i[k«, 
while  the  buin  floor  ts  made  nearly  level  by  deposition.  This 
stage  b  exemplified  by  theOixrui  Basin  iind  iis  mountain.'*.  Waier , 
b  the  chief  agent  of  eroiibn  and  dcpoMtion  during  tlic  period 
of  youth,  but  tiK  wind  is  al.to  important  in  eroding  the  bare 
r()ck»  and  in  dUtributing  the  finer  u^-l^ite,  pnrl  of  which  it 
carries  outside  of  the  arid  re^on  altogether.  lixiremely  slow 
u  this  process  of  complete  remov^  uf  the  finer  djbri.i  by  the 


no.  a3»,  -  T*  Motisre  neuiii.  Cutihrniti.    (Phologrspti  bj-  H.  W.  Futlxnki) 

wind  undoubtedly  ii,  >-t:t  it  is  the  only  agency  which  actually 
lowers  llie  m-rrtjge  altitude  of  the  region,  for  no  water  Htms  out 
of  the  area  wc  are  considering. 

Maiimiy  uf  developmunl  U  attained  by  the  connection  of 
the  separate  initial  basins  into  a  continuous  whole.  Erosioa 
of  the  highlands  and  de|>OMlion  on  the  baitn  floors  may  result 
in  the  formation  of  a  conlinous  slope  from  a  higher  basin  to  a 
lower  one,  so  that,  e^-en  in  llie  ab^nce  of  any  (>ermanenl  xlreani 
roimecting  the  two,  the  rain  will  wash  material  to  the  tower 
bwdn  and  a  new  and  lower  baie-levcl  wDl  be  eirtablished  Uit  vVi« 
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hiiih«r  onr,  while  the  lower  basin  floor  will  be  built  np  by  tht 
ttansfcr  to  it  of  the  was^ie  accumulued  in  thai  which  lies  at  ibc 
higher  kvcl.  "  As  the  coalcsceocc  of  basins  and  the  intcgratks 
of  stream  systems  progros,  tlie  changes  of  lixal  ba?c-tettk 
will  lie  fewer  am)  slower,  and  the  obliteration  of  the  uplands 
the  development  ol  graded  piedmont  slopes  and  the  aggndatioe 
of  the  chief  basins  will  be  more  and  more  extensive."     (Davit.) 

tin  maturity  the  relative  efficiency  of  the  eroding  agents  h 
Dot  the  $amc  a.s  in  the  earlier  stages.  Larj^  areas  at  the  fiut 
of  the  mountains  and  highlands  haw  already  bcrn  graded  to  an 
even  slope  by  the  tofrcnls  (onnwl  by  the  rare  but  violent  RiBi 
When  wrtical  trenching  can  be  carried  no  fanbcr,  lateral  erogoi 
removes  tlte  divides  between  the  .Mn:amK,  whit^h  thus  have  no 
definite  channels,  and  the  water  flows  don-n  the  graded  ik>pc 
in  a  ihui  sheet.  The  wasting  away  of  ibc  highland.^  diminishes 
the  scanty  rainfall,  and  the  quantity  and  efficiency  of  the  water 
decrease  with  the  din)inulion  of  relief,  but  tbe  activity  of  the 
wind  is  not  aflTcclcd.and  hence  its  relative  importance  is  incn::axd 

The  continuance  through  ^-asi  (leriods  of  time  of  tbe  sfa' 
[Mix'csws  alxive  outlined  will  rrstill  in  the  destrui  lion  of  the  ori^' 
nal  relief,  its  place  being  taken  by  large  plains  of  bare  iw.*k. 
jjuping  to  plains  of  accumulation.  If  the  .strata  bare  been  db- 
turbefl  by  folding  or  Tilting,  the  plain  surface  cuts  across  ihrir 
«lructure  to  an  even  jJo[w.  The  work  is  done  without  reference 
to  the  sea  as  a  base-level  and  the  altitude  of  the  plain  is  deter- 
mined by  the  loss  of  material  ibrouf;h  transportation  by  tlie  wind. 

The  period  of  old  age  begins  with  the  breaking  up  of  the  unified 
drainage  system  through  the  excavation  of  wind-made  holUm 
in  the  sdftcr  rocks,  a  proocss  unlike  anything  which  we  hare 
found  in  pluvial  climates,  where  a  drainage  s)'stcm  once  established 
is  not  <li>intcgratcd  during  the  jirogrcss  of  a  normal  cycle.  U 
tbe  desert  were  strictly  rainless  and  cro^on  carried  on  by  (be 
wind  alone,  there  would  apparently  !«  nu  limit  to  tlw  excavaooii 
of  such  hollows,  but  no  such  instance  is  known,  and  the  occasional 
Ijeavy  raiti*  suffice  to  counteract  it  by  filling  up  the  hollows,  bcl 
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the  drainage  system  is  effectively  disinlcgrntetl,  and  the  waste, 
which  iu  the  slage  of  niaiurity  galiiercd  on  (he  luwn  parU  of  ihc 
region,  b  washed  about  iircgiilarly.  The  surfucc  worn  down 
by  the  wind  may  have  no  slope  in  any  particular  direction,  lor 
the  wind  has  no  base-len-l  and  is  not  sfTccled  by  (lie  inclination 
of  the  ground,  but  this  surface  may  be  reduced  to  an  essentially 
pitun-ltkcclutraclcr.  Harrier  momes  of  nK'k,  which  have  success' 
fully  resisted  wear,  may  rise  alxjvc  the  plain  as  residual  moun- 
t;uns4  ju:il  as  ilwy  M>mctime«  do  in  the  jwncplain  of  the  normal 
cycle- 

The  deserts  of  Xorlh  America  have  not  reached  the  condition 
of  old  age,  but  it  1$  realised  in  South  Africa,  where  the  desert 
plains  have  lately  been  studied  by  Dr.  Passarge,  whose  con- 
clii5lon.«  are  thus  .\ummarized  by  Profcvsur  Davis:  ''  Pawurgc 
States  thai  these  desert  plains  arc  not  undulating  with  low  hills, 
bul  true  plaiat  of  great  vxteni,  from  whicli  the  isolated  residual 
mountains  rise  like  islands  from  Ihc  sen.  The  residuals  may  be 
low  mounds,  only  a  few  metres  high,  or  lofty  mountain  massen, 
rising  several  thousand  metres  above  the  plains.  The  plain 
surrounds  the  steep  slope  of  the  mountains  with  a  table-like 
ntaBet»;  there  !»  no  transitional  licit  of  piedmont  hilU,  and  no 
intemicdiate  slope-  The  mountains  consist  of  resistant  rocks, 
such  a»  granite,  dSorite,  gabbro,  quartzite,  etc.,  granite  lieing 
the  most  frequent;  the  plains  arc  of  mure  easily  eroded  rocks, 
neb  an  fftosi,  schists,  slates,  sandstones,  and  limestones.  The 
bedding  of  the  rocks  is  not  flat,  but  diMurlwd;  the  plain  therefore 
Iruneutes  the  rock  structunei.  .  .  .  Tl>c  products  of  weathering 
m  tisuaily  spread  as  a  thin  veneer  on  the  plain;  the  waste  does 
nut  He  in  place,  un  the  rock*  from  which  il  was  weathered,  but 
has  tx-cn  drifted  about  by  wind  and  flood  and  ha?:  gathered  in 
«ligbt  depressions.  .  .  .  These  rock-floored  plains  arc  not  up- 
lifted peneplains,  but  are  ihe  product  of  desert  erosion  unrelated 
to  nomul  base-level,  in  which  occasional  water-action  has  co- 
operated with  {irmstcnt  w-ind-action." 

We  haw  definite  evidence  that  (he  earth  has  undergoive  nkan<; 
ao 
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climatic  cliaiq:»  »ad  ihat  among  ibese  changc»  Ibe  alternation 
of  arid  iind  pluvial  conditions  in  the  same  region  have  not  in- 
frequently occurred.  Hence,  in  deciphering  the  history  nf  any 
high-level  plain  the  distinction  between  the  Dormal  and  the  arid 
cyde  mu.st  always  be  bome  in  mind,  and,  if  poidihle,  evidence 
obt.iincd  which  will  rnabtc  ihe  "bscnrr  to  dctrrminc  whether 
tbc  plateau  b  a  rcclcvatcd  peneplaia,  or  the  product  of  an  arid 
climate. 


CHAPTER   XIX 


LAND   SCULPTURE 


n'aiLE  Ihe  tinal  effect  of  the  MibacrinI  denuding  agi-ncics  is  to 
sweep  away  ail  relief,  and  to  cut  llic  land  surface  down  to  low- 
lying  ba^e-lei'ei.'f  or  pene|>taii)>,  yet  in  the  prcne^s  great  irregu- 
larities  are  produced  by  the  mure  rapid  removal  of  some  parts 
than  of  <>tl»r».  The  lopopaphical  formi  generated  by  this  dif- 
ferenlial  croaion  vary  murh  according  lo  circumstances.  Wc 
have  already  considefcd  fiome  of  thcae  differenc»  with  ref;ard 
to  the  agencies  which  have  pnxluixd  thi-m.  Now  wc  have  to 
examine  the  differences  with  a  view  of  learning  how  topographi- 
cal forms  an  <leiermiiied  by  the  character  and  arrangiMnent  of 
the  rxks  which  arc  undorjpiing  degradation. 

Forms  to  Horizontal  Strata.  —  When  a  peneplain  or  plain  of 
mariDe  denudation  is  lifted  high  alxirc  sea•lc^'el,  without  folding 
or  *ieep  lilting  of  Ihe  strata,  streams  are  soon  established  upon 
the  new  land,  am!  proceed  in  cut  deep  trcncJics  across  the  plateau, 
which  arc  gradually  widened  out  under  the  influence  of  wcatho^ 
Ing,  and  the  aiTangemenl  of  lurrl  and  soft  rock»  fmcU  expression 
■I  the  resulting  forms.  If  the  surface  la)'cr9  resist  wealheriDg, 
the  plateau  will  iw  gradually  divicrird  into  fbtt-topped  matu 
aad  tahte-moun tains,  which  in  the  progress  of  denudation  are 
converted  into  pyramidal  sha|>es;  while  if  the  whole  tnassof  rocks 
be  easily  destructible,  they  weather  down  into  dome-shaped  and 
rwindcd  hflls,  which  are  smallest  at  the  top,  the  pari  longest 
exposed  to  weathering.  The  wild  and  grotesque  scenerj-  of  the 
WcMem  bad  lands,  with  their  chaos  of  peaks,  rid^»,  mesa^, 
and  buttcs,  is  merely  the  result  of  the  dilTerential  weathering  of 
buruonlal  strata,  some  beds  and  parts  of  beds  yictdinig  tiM»% 
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readily  Ihan  iilhcP".  llitr  imd  lanth  are  carved  mit  «!  M>f(  am! 
scarcely  indurated  roLki^,  but  firm  rwk^  in  climates  of  ^mtb: 
aridity  give  rise  lo  many  vcriical-^ided  me^as  (see  FroHlUiJM-ce), 
fts  is  so  notably  ihc  ca»c  in  ihc  :^n<lst»ncs  of  New  Mcnco.  Is 
pluvial  climates  ihe  slopes  are  ^culler. 

!f  a  series  of  more  rtsi-Maiit  i)eds  underlies  a  mass  of  Ktflet 
Klrala,  a  change  in  the  topographical  forms  nil!  occur  when  tbeun- 
deriying  harder  nxks  iire  partially  ex[io>«d.  In  Ihe  soft  rocks 
the  valley  .Mdes  haw  gcnllc  slopes,  but  when  the  harder  ma.«  11 
penetrated,  tlic  slojies  lictomc  sleep,  i>r  even  \-cnicttl.  When 
hard  and  soft  strata  altcmalc  in  a  valley  wait,  the  harder  lieda 
form  rlilT*.  Tliis  U  accomplished  by  cuttin)i;  away  the  softer 
beds  and  thus  undermining  the  harder  ones,  until  the  latter  can 
no  longer  .'Support  their  own  weight,  and  ma^^^e^  fall  from  the 
face  of  the  cliff,  thus  maintaining  the  veriicaHiy.  The  talus 
bloctu  form  a  slope,  conncciing  the  successive  cliffs  by  gentler 
inclines.  The  Uima  Mnunlains  in  northern  Utah  arc  fonnril 
by  «  great  anticlinal  arch,  so  broad  and  gently  curved  thai  id 
a  jpvcn  section  the  strata  appear  almost  hun/ontul.  Out  of  tb(Sf 
immensely  thick  and  nearly  level  masses  ihe  subaErial  de- 
nuding agencies  have  carved  an  infinite  an<i  most  picinres^iue 
variety  of  pc4iks,  pinnacles,  column!',  and  amphitheatres,  wliilr 
the  streams  have  cut  profound  and  gloomy  canons.  \^a.si  taliu 
dopes  remain  to  indlrvite  ihe  amniinl  of  (lestruclivn. 

Fonns  in  Inclined  Strata.  —  Inclined  or  tilted  strata  give  (in 
to  a  diSerent  class  of  t»])i>graphi(al  forms.  If,  m  k  generally 
the  case,  harder  and  softer  strata  alternate,  the  latter  will  be  swept 
away  mare  rapidly  than  the  former,  which  are  left  standing  an 
ridges  or  cliffs,  the  height  and  steepness  of  which  are  determined 
by  the  thickness  and  inclination  of  the  more  resistant  rocks. 
In  case  tlie  strata  arc  steeply  inclined,  a  siiccest^ion  of  hard  beds 
alternating  with  soft  will  fpvc  rise  to  a  scries  of  ridges  and  valleys, 
the  slc>i)es  of  which  de]>end  up»in  the  angle  of  dip.  If  the  beds 
arc  standing  in  a  vertical  position,  the  two  slopes  of  each  ridjpe 
will  be  nearly  equal,  the  hard  strata  forming  tiie  backbone  of 
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the  ridj!C  and  tbe  softer  ones  the  doping  sides.  Often  narrow 
riflgcs,  mure  t>r  lew  <-lijf*ly  resembling  dykes  of  igneous  riK'kx, 
are  formed  by  the  isolation  of  hard  vertical  strata,  the  softer  beds 
on  each  side  bvin);  removed  by  erosion.  As  the  inclination  departs 
from  vcrticiility,  ihc  more  unequal  do  the  two  slopes  of  each 
ridge  become,  the  longer  and  gentler  one  being  in  the  direction 
of  (be  dip.  Ridj^  xn<l  valleys  of  this  class  arc  beautifully  CX' 
emplified  in  the  Appalachian  Mountains.   Figure  40  (p.  ii5)showft 


tta.  >3J.  —  EtuUpRicnli  mil  iltpilepig,  Montiinii.     (L,  n.  O,  i^.) 


Kitlatinny  Moitniain,  through  which  the  Dclaw;irc  River  has 
ctit  the  famous  Water  Gap;  the  crest  of  the  ridge  is  formed 
by  ver>'  liard  and  utdeUructible  .'»n<I»iones  an<l  conglomerates, 
vhile  tbc  broad  valley  above  and  below  the  gap  is  in  slates  or 
other  destructitde  rock. 

In  gently  inclined  i^trata  the  abru[>tly  truncated  and  cliH-likc 
outcrops  of  the  hard  t>rds  are  called  r.uarp'nenis,  and  follow, 
with   some    irregularities   and   Mnmisiiics,   the   luic    ol    Ar^c. 
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Wlicther  the  general  course  of  tlie  estcarpment  shall  be  etraigbt 
or  curved  will,  thrrcforc.  bv  determined  by  the  constancy  or 
chan^  in  the  dircctioo  of  the  dip;  far,  a.s  vre  have  already  learned, 
the  strike  ihuniiEes  with  tliv  (ii|>,  slwa)'^  keeping  at  right  an^cs 
to  the  latter.  The  upper  surface  of  tlie  jtently  inclined  hard 
stratum  may  \x  tomplctely  cximimkI  by  the  stripping  away  of  the 
softer  overlying  mass,  and  then  the  slope  of  the  ground  fe  the 
same  an  that  of  tlie  resistant  stratum,  and  U  exiled  a  ttip  stop*. 
A  scries  of  gently  inclined  strata,  made  up  of  altcrnsting  harder 
and  softer  beds,  will  thus  g^ve  rise  (o  parallel  ridfies  and  valli:}s, 
or  e^cu-pmrnts  and  dip  stopw^,  according  to  the  comptctencSb 
witb  which  the  softer  beds  are  removed  and  the  harder  ones 
exposed.  \  magnifux-ni  example  of  such  escariimcnts  and  slopct 
is  displayed  in  the  high  plateaus  of  Utah  and  Arizona,  where 
tlie  dip  slopcv  are  frnm  20  to  60  miles  bniiid  and  the  e-^caqiinenls 
1500  to  looo  feet  high,  'fhc  amount  of  denudation  invohtd 
in  the  production  of  lliese  vast  amphitheatres  Atagger^  belief, 
though  thrrc  is  no  esc3]>c  from  the  enormous  figures. 

Under  the  influence  of  denudation  escarpments  are  continually 
though  slowly  receding,  being  cut  back  in  the  direction  of  Ibe 
dip.  Rain  and  frost  act  directly  upon  the  bard  bed^,  but  yuatV. 
more  effectively  by  cutting  away  the  softer  beds  U-lnw  and  thus 
undermining  the  hard  strata,  causing  thcra  to  fall.  The  fallen 
mosses  arc  gradually  disintegrated  in  their  turn  and  washed 
away  into  the  water -courses.  The  escarpments  may  follow  a  rela- 
tively straight  or  a  very  sinuous  course.  Siiiunsiiies,  when  present, 
are  commonly  due  to  the  action  of  springs,  which  undermine 
the  escarpments  and,  by  the  recession  of  tlicir  heads,  excavate 
the  line  of  cliffs  into  bays  and  amphitheatres.  \  sinuous  e^ 
carvment  is  more  rapidly  cut  back  than  a  straight  one,  bet«u.4e, 
in  addition  to  the  cooperation  of  the  springs,  it  offers  a  larger 
surface  to  tlie  attack  of  the  destructive  agencies.  Every  step  In 
the  rcces.Uon  of  an  escarpment  lowers  the  ridge  and  biui^  it 
neater  to  base-level,  Ijccause  the  direction  of  retreat  follows  the 
of  dip,  which  carries  the  beds  down  to  baK^-lcviH  with  » 
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rapidity  detenrnned  by  the  angle  of  dip.  A  s.lceply  {ndlncd  bed 
needi  to  be  cut  back  only  a  short  distance,  when  it  will  be  reduced 
to  tu-te-level,  wherea.4  a  bed  dipping  very  ^nt!y  remain.s  alcove 
basc-kvd  for  long  distuncc^.  Of  course  the  general  elevation 
of  the  whole  re^on  above  ba^-Ievel  is  ali.o  ait  importdnt  factor 
in  determining  the  iimniml  uf  work  to  be  done. 

For  reasons  that  will  appear  later,  wc  aisume  ihat  when  denii- 
daiinn  Iwgan  its  work  upon  a  region  of  inclined  »cnit<i,  (hat  rc^on 
was  a  sloping  pla|»,  or  ixrncplain,  formed  by  the  outcropping 
ettgfj  of  tJie  dlrala.  The  first  lines  nf  drainage  e^iablisJicd  would 
necessarily  follow  this  slope,  and  the  first  valley  or  vallcj's  cut 
vrould  be  scross  the  strike  of  the  tieda.,  trenching  both  hard  and 
soft  bc^ls.  Such  v;ille,vs  arc  called  (raiwrwjf,  or  dip  va!lc)-s,and 
the  streams  nhich  flow  in  them,  Iransverst  sireami.  Tratii^ersc 
streams  cut.  stce|»-»idcd,  caAon-liltc  valley^s  the  rocks  giving 
way  along  the  joints  and  making  the  two  valley-walls  alike,  as 
thou^  the  valley  i\'ete  cut  in  horlzuntal  strata.  A  second  series 
of  valleys  will  be  excavated  along  the  strike  of  the  softer  beds, 
giving  loHgiludiiul,  or  3lritf,  valleys  and  streams.  In  *uch  a 
longitudinal  v.illey,  following  (lie  strike  of  a  mass  of  soft  strata, 
ttte  »Iream  whkb  occupies  it  will  lend  to  flow  along  the  fool  of 
the  escarjiment  fiirnw-d  by  the  oulrn>|)  of  hard  strata,  and  to 
«hift  its  course  laterally  in  the  direction  of  the  dip,  cutting  away 
the  soft  lieds  in  which  it  Dows,  and  un<lermining  the  Itard  e».'arp- 
ment.  Longitudinal  or  strike  valleys  lend  to  have  one  steep  or 
vertical,  and  one  gently  stuping  ^de.  The  strata  dip  acn»s  tlie 
stream  and  hence  on  one  side  are  inclined  toward  the  valley  and 
on  the  oilier  away  from  it.  Tlie  former  is  the  viMJakcr  structure, 
because  the  loosened  joint-blocks  glide  into  the  strram,  and  the 
gn>und-waler,  following  the  stratification  planes,  forms  springs 
on  that  side  of  the  valley,  The  s.ide  on  which  the  dip  is  away 
fnim  the  stream  is  attacked  chiefly  by  the  undermining  action 
of  the  stream  and  thus  ke|>l  \'ertt(*al.  Such  a  stream  U  a  potent 
agent  in  causing  the  recession  of  the  escarpment  and  may  remove 
Urge  areas  o(  both  hard  and  ^l  s.trata. 
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The  steep  ridges,  or  "  hog-l>att:»,"  which  occur  iimiing  the 
foolhilb  of  the  Kocky  Mountains,  show  interesting  examples  of 
streams  Hawing  along  the  suike  iif  inclined  sJrala,  though  the 
ridges  arc  themselves  not  formed  quite  in  the  way  alrciidy  dc- 
scribetl.  Thty  are  compo^d  of  the  nieeply  dipping  limbs  of 
monoilimit  folds,  of  which  the  upper  horizontal  limbs  have  bc«n 
removed  l>y  denudation  (Fig.  134). 


^_^     ICI. 


Km.  »J4.—  Hog-b»ck».  toil  ilde  of  Laramit  Mis.,  Wji*.     (U,  S.  G.  S.) 

Forms  in  Folded  Strata.  —  A  region  of  l'»l<ted  nirau  is,  in  the 
firs!  instance,  thrown  into  3  scries  of  ridges  and  valleys,  the  ridges 
formed  by  anticlines  and  the  valley*  by  syndfnes;  in  other  word*, 
tbe  topography  is  fettomc  in  character  and  determined  by  dias- 
Irophic  movement*.  If  the  folding  be  of  moderate  degree,  so 
as  to  produce  undulations  of  sweeping  and  ^ntlc  curves,  the 
tendency  of  denudation  is  to  reverse  the  original  topogr^thy 
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and  convert  the  antklincs  into  vallpj'>  and  the  oynclincs  into 
rUlges.  Thi*  apparently  paradoxical  result  is  found,  when 
cumincd,  lo  be  njituriU  and  Mniple  enough.  The  crests  of 
newly  formed  anticlines  have  been  sulijirtcd  in  tensile  stresses 
which  oi)cn  the  jmnu.  in  the  strata  and  render  them  an  easy 
prey  to  the  denuding  agents.  The  surface  of  the  synclines,  on 
tbc  contrary,  has  been  tightly  compreased,  and  their  joints  arc 
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dosed  by  crowding.  .\»<Ie  from  this,  another  factor  tcods  lo 
produce  the  same  result.  In  a  folded  scries  of  .ilicm.iting  h»der 
aod  softer  bcfl»  denudation  U  inost  rapid  on  the  exposed  anti- 
clines, aad  in  Ihcm  ihe  hjird  strata  are  Ttril  reached  and  cut 
ihrmigb.  When  an  underlj-init  ma.'^  of  soft  strata  is  reached, 
ii  U  rapidly  trenched  into  vxtle)-s  whi<h  inay  soon  be  excavated 
bcluw  the  level  of  tlie  synclinal  troughs. 
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If  the  foltb  originally  made  Ity  ihi;  force  of  later.!)  coai|nession 
be  steep  and  hiRh,  oa  in  mountain  ranges,  the  anticlines  persisi 
longer  as  ridgw;,  but  ihc  wearing  away  iit  ihdr  summits  gi\TH 
rise  to  subordinate  ridges  and  valleys  within  the  limits  of  each 
unii<*linul  arch.  Here  alw)  the  ridge.*  are  the  outcni})ping  harder 
beds,  and  the  valleys  arc  cut  in  the  softer  ones,  Kven  in  mountain 
ranges  denudation  may  reverse  the  orij^iiial  >tructural  topography 
and  give  rise  to  anticlinal  valleys  and  synclinal  mountains. 


I 

I 


Fm.  »36.  —  Tnificatpil  onriclio»l  riilce,  Montana.    (U.  S.  O.  S.> 


If  a  region  of  folded  rnclcii  has  once  been  planed  down  lo  ba«- 
le\'el  or  to  a  peneplain,  and  then  n*levatcd  and  subJeLle<l  l» 
denudation,  tiic  revulllng  topography  will  be  dctcrmioed  ivf 
the  same  laws.  Indeed,  this  is  a  frequent  method  in  which 
repnn*  of  tilted  or  indined  strata  arc  produced,  for,  as  wc  saw 
in  Chapter  Xll  (p.  33;),  inclined  beii.-i  are  very  often  parts  of 
truncated  folds.  In  such  regioos  drainage  is  first  in  accordance 
with  the  slopes  of  the  planed  and  tilled  surface,  but  as  denuda- 
tion proceeds,  the  structure  and  arranjfcmcnt  of  the  rocks  make 


FORMS  IN  VOLCANIC  ROCKS 


tbemscK-cs  Wl,  and  bring  about  changc§  and  adjustmenLi  of  the 
drainage  l»  iIm:  structure,  ils  will  be  more  fully  explained  in  a 
sul>H.-quenl  ('ha[>lcr. 

Forms  In  Volcanic  Rocks.  —  \*olcaiii<-  (opography  in  primarily 
oonslnKli^v.  The  cmir^  vary  in  form  and  height  in  accordance 
with  the  amount  and  cliarai:ler  of  the  material  of  which  ihey  are 
corajMncd,  and  ihc  nature  of  the  eruptions.  Thiis,  wc  find  iofty, 
stcrp^tdcd  cinder  cones,  like  tho&c  of  the  Pacific  coast,  or  very 
gently  <Llo{»ng  lava  coiies,  like  thoxe  of  the  Sandwich  f.tlandn, 
or  truneatc«l  cones  and  enter -ring^,  due  to  violent  e.tplo$iuns  and 
to  remeiting  and  cngulfmcnt  of  the  upper  part  of  the  cone.  Lava 
flows  may  take  ihc  form  of  long,  nairow  streams,  i>r  great  Hoods 
poured  out  one  upon  another,  until  immense  volcanic  plateaus 
huUt  up,  like  tho.'ie  of  Oregt>n  an<l  Washington. 

The  progress  of  denudation  sculptures  llwse  volcanic  masses 

charaaerbilic  ways,  already  dc><:rii>ed  in  Chapter  XV.    Cones 

first  furrowed  with  ravines  and  vulle)'s  and  then  gradually 

led  into  neclcs,  or  into  iow  hills  of  volcanic  agglomerate. 

le  infinite  variety  of  combination.'^  of  soft  lutT.s,  loosit  mas.y!S  of 

:>rix  and  ash.  hani  sheets,  streams,  pipes  and  dykes  of  lava, 
rise  to  llie  manifold  fonn»  of  volcanic  mountains  and  islands 
the  course  of  denudation,  the  harder  elements  resisting  ^longer 
an*:!  standing  in  relief.  Lava  flows  are  generally  harder  than  the 
stratified  rocks  upon  which  they  rest,  and  therefore,  aside  from 
their  original  form,  their  io|>ographicaI  effect  is  much  the  same 
a.-*  that  ol  an  except  ionalty  hard  ^^tralum  among  softer  I>eds.  A 
surface  stream  may  be,  indeed  eventually  must  be,  cut  up  by 
erosion  into  iuilated  mas,s«(,  which  priptect  the  undcriying  »>fler 
rocks  and  thus  form  flai-toppcd  table  mountains  and  mesas, 
the  lava  cap  with  neariy  vertical  tiiic*.  the  stratified  nicks  belon' 
with  gentler  slopes,  especially  in  plunal  climates.  A  lava  plateau 
is  dissected  by  slreanu,  first  trenching  steep  ca5ons  and  then  at- 
mospheric erosion  widens  lhecaih>ns  and  narrows  the  divides,  just 
as  in  ordiiiarj'  plateaus  of  stratified  rocks,  but  the  great  hanlnvss 
of  the  volcanic  masses  reiidcra  tlie  process  very  slow. 
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Forms  In  Plutonic  Rocks.  —  It  is  exceptional  that  lopographica] 
fciilunrs  (^in  tx.-  ili-tinitcly  tvftrrecl  [u  (he  con^-trui'tive  or  leclonic 
eRcct  of  intruuvc  ptutonic  bodies,  fur  the  obvious  rra$o(i  that  tix 
pretenceufaplutonicroa.ssataf^vTn  point  can  rareJy  he  determined 
until  the  co^-crmg  of  overlying  siriitn  h<i»  l>cen  rcmovrd.  A^^ 
excepdon  to  tlii-i  U  |i^k-en  by  many  laccolithic  hilU  and  moutttuinj^B 
in  which  the  covering  of  «iraia  t»  more  <>r  less  mcnfilrtely  retained. 
Id  Liltk  Sun-Dance  llill  {l-ig.  319)  we  have  a  dome-like  hill,  Ibe 
strata  of  whith  are  almcKt  intact  and  the  pre>eiKe  of  the  plutooic 
body  b  only  inferred,  not  sl>!<oIutely  certain.  A  second  stage  of 
deniidalJon  i%  found  iu  Bear  Butlc  (Fif;.  210)  of  the  i^ame  region,  the 
covering  of  strata  being  removed,  circcjX  where  they  arc  upturned 
arouitd  (he  ba.se  nf  the  bu(te,  and  finally,  in  Malo  Tepee,  nc  have 
only  (he  central  core  of  (he  laccolith  prettencd  (Fig.  331).  Tl 
Henry  Mounulns  of  southern  Utah  and  se\-CTat  of  the  Col 
ranjic»  display  t.-iccolilh.t  in  all  xta^^es  of  div^liun. 

The  plulonic  bodies  arc  expo^-d  bydenudaii'Mi.and  «ace 
are,  as  a  rule,  more  resUtani  than  the  invaded  ntcks,  they  p;nei 
form  prominences  corr<;s|>on(!ing  to  the  form  of  the  iMrusiw 
Sometimes,  however,  the  intrusive  body  is  less  resistant  ihm 
enclosing  rt>ck»  and  then  is  marked  by  a  dcpres-sion.     Dyl 
when  exposed  by  denudation,  stand  out  in  relief  as  Ions 
the  height  of  which  is  determined  lar^ly  by  llie  tliicknesi  of 
dyke  and  by  iu  resistance  to  deslruction.    In  certain  cases. 
North  Oirolina,  the  dyke-rock  disintegrates  more  rapidly  than 
enclosing nxk,  and  hence  long  trenches  indicate  theitoiition  of 
dykes.    Silb,  so  far  as  their  effect  upon  topography  is  concei 
may  be  regarded  simply  as  hard  strata,  but  some  sills  arc  m 
thicker  than  strata  often  arc. 

Stocks,  which  increase  in  diameter  downward,  pniject  as  small 
Iiilb  when  fintt  ex|xw«d,  but  nhen  ihey  arc  slowly  denuded  and  Ibe 
countT>-rock  is  rapidly  worn  away,  ihcy  become  larger  and  reta- 
Ux'dy  higher,  a^  the  surrounding  area  is  lowered  by  denudation.  If 
the  regi<)n  where  the  slock  is  found  is  sufficiently  above  base- 

:vcl,  a  vcrj'  high  bill  and  even  a  mountain  may  ihus  be  formed. 
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Batholilh^.  like  slocks,  inrrc»c  in  size  downward,  lying  upon  no 
fltior  of  counu^'-rock.  Heuco,  (liey  give  rise  lo  great  tvigcs,  of 
irregular  miissi-s.iiflcn  of  enormous  siw,  wlicn  bid  biire  by  erosioa. 
Many  mountain  ranges  are  composed  of  granite  balholiths,  fnwn 
which  (hi^  cuv'eriTij;  nf  stratu  lias  [tetn  .Htripf^cd  away  and  which  ait 
ihcmsclvcs  deeply  dissected  into  peaks  and  crags.  On  the  oihcf 
hand,  ^uch  balhuliths  are  no  exccjttton  to  ihc  rule-  thai  [ilutimic 
bodies  may  sometimes  wear  away  more  rapidly  than  the  rocks 
which  enclose  them.  When  this  occurs,  the  batholjth  will  be 
found  as  a  plain,  or  depression,  with  the  mure  resistant  rockx 
riung  above  it. 

In  brief,  Ike  fontrnUing  fador  in  a  region  of  mature  lapogra pliy 
is  the  arrangrmcnl  of  Ihe  roik  maat-i.  prominencet  being  dm  l»  the 
ttwre  raiiianl  rocks,  wluilever  their  nature. 
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TOPOGRAPHY  AS  DETERMIKED  BV  PADLTS  AND  JOnTTS 


Noi  uiiC(»cninonly  faulu  have  no  direct  effei^i  upon  toixtRraphy, 
or  whatever  inRucncr  Ihcy  may  uriginiilly  have  cxerlcil  has  bctn 
lost,  denutUtioD  having  worn  down  the  two  sides  to  the  same  level 
or  to  a  <-ciiitinuuu.>i  9.l(>|x;,  so  iliat  no  evidence  of  the  fault  ajiix-art  in 
ibc  surface  forms,  but  must  ix  indirectly  obtained.  When  newly 
formed,  a  fault  is  accompanied  by  the  scarp,  as.  a  long  line  of  cliil 
or  bluff,  \s  modem  faulls  leath  us,  displacements  of  great 
llirow  are  probably  produced  by  repeated  movemcnis  aloni;  the 
samcpUiKDf  fracturc.andihusrequiRlnng  periods  for  their  com- 
pletion; and  durini;  thU  process  of  dislocation  erosion  ts  actively 
4t  work,  especially  upcm  the  scarp,  which  is  motitexpowd  to  attack. 
The  length  o(  time  during  which  the  scarp  persists,  as  in  the  case 
i4  topographical  features  generally,  depends  u|>on  the  activity  of 
weathering  and  the  rcsistani  power  of  the  rock.  VVfll-prcscr\'ed 
and  lofty  fault -scarps  are  therefore  verj- much  more  frequent  in  arid 
Ihan  in  piu>ial  <-limate».  l-ong  before  il»  removal  (he  scaqi  b 
deeply  dissected  and  made  rough  and  craggy,  so  as  to  resemble 
a  mountain  range.  [vxam[»]cs  i>f  thit  kind  of  IO))i>gra)>h}'  are  to  be 
seen  on  a  grand  scale  in  the  arid  parts  of  the  West,  their  preser- 
vation being  due  in  part  In  llie  geologically  late  date  of  titc  dis- 
locations, and  in  part  to  the  aridity  of  the  clim.ntc  which  makes 
denudation  very  slow.  The  imposing  lines  of  cliif  which  demar- 
cate the  plateau  of  the  Colorado  on  the  wintern  si<le  arc  fault 
scarps,  and  the  plateau  itself  is  crossed  by  many  minor  faulu 
which  still  form  promioenl  surface  features,  though  much  modi- 
fied by  erusioa  and  M>ine  of  (hem  quite  disguised. 
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464    TOPOUKAPHV  AS  UETERMISED  BY  FAULTS  AND  JOINTS 

The  Great  Ba«in,  which  U  enclosed  between  the  Wasatih 
Mountuitiit  on  the  riLsl  und  ihc  Sierra  Nevada  tin  the  we*l,  and  own- 
prises  nearly  ull  of  Utah  and  Nevada,  fe  bounded  by  the  enormous 
faull'scarps  of  those  range*.  The  Sierra  Xeiada  escar|imcnl  bw 
a  throw  estimated  al  15,000  feet,  though  this  has  Ix'en  much  reduced 
in  height,  and  is  deeply  disxHled  by  erofuon,  iiu  that  Us  true  nature 
is  not  immediately  apparent.  On  the  eastern  side  the  Wasatf)i 
escAipmenl  i*  similarly  dissected,  but  there  have  been  addiiiuual 
very  rei~ent  movements  along  the  old  fault -planes,  and  the  talely 
formed  scarps,  though  low,  are  remarkably  fresh  and  unchanged 
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even  in  incoherent  materials.  The  Basin  itself  is  iraverwd  by 
many  north  and  south  faults,  and  the  blocks  included  between 
these  pamliel  lines  of  <li  sloe  at  inn  arc  itUed  and  form  great  scarps 
but  with  gently  inclined  lop.  Each  block  thus  ha»  an  abrupt 
side,  ihc  rugged  nn<i  worn  starp,  and  a  long,  gently  sloping  side, 
which  gradually  inclines  to  the  foot  of  the  next  ]iiu^llcl  sc«rp. 
Denuduiion  ha;<.  oarv-ed  the^e  tilled  fault-blocks  into  ridges  and 
peaks,  giving  them  the  appearance  of  an  urdinary  mountain 
range,  whfin  seen  from  the  escarpment  side,  but  formed  in  m 
lirely  different  manner  from  Iruc  rauuntain^  of  folding,  snd 
iwn  as  Noek  mounlaina.     In  southern  Oregon  the  platexu  of 


TOPOCRArilV  AS  Din-ERMINED  BV  FAULTS 


basalt  has  been  Iraclurcd  into  a  ^ericH  of  blocLt,  whkli  an; 
titicil,  with  very  gentle  a^rrnl  on  uiic  siilc,  ending  in  an  abrupt 
xatp  on  the  other.  These  have  been  so  little  affected  by  erosion 
thai  ibcir  true  th.-uuiter  h  immediately  a]>[);trent. 

The  Adirondack  Mountains  display  a  topography  which  ts 
strongly  dominated  by  systems  of  faults;  their  general  character 
■»  thus  descritwd  by  Pro(eMi)r  Kemp;  "  Thtr  Adinmdack  region 
...  is  mountainous  in  its  eastern  half  and  has  its  highest  peaks 
near  its  centre,  but  on  Ihe  west  the  mountains  di>appeaT  and  the 
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a  becunnes  a  plateau  ranging  (mm  looo  feet  alK>\¥  tide  gradually 
downward  lo  the  west  until  it  is  but  slightly  higher  than  Lake 
OnlarSa  and  ilte  St.  l^wrenie.  .  .  .  The  mouniaiat  an  arranged 
in  visible  northeast  and  southwest  lines,  and  arc  often  very  steep 
if  no(  positively  precipitous  in  the  [xirtions  that  look  to  the  siouth- 
ea^l  <w  m>rlhwet^i.  There  nre  niso  i>ther  steep  faces  nearly  at 
right  an^es  with  the  above,  but  ihcy  are  less  pronounced."  These 
features  are  due  to  three  inl(:r>eiling!;ystcmsi)f  faults,  the  [>rincipal 
one  of  which  is  northeast  and  southwest  and  determines  the  general 
trend  of  the  mountains.  The  second  system,  whiL'h  Irendi  north- 
tu 
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east  31  right  angles  to  ibc  first,  is  less  import&nt,  and  act»  chiefly 
in  <;uilii))(  ttie  ridges  into  separate  bloclis.  Tbc  third  series 
with  north  and  si)Ulh  trrnds,  is  (juite  subordinate  in  its  ctfccis- 
Thc  fault*  extend  souliiward  for  many  miles  from  the  mountaitii 
inlu  the  plain,  and  some  of  them  »tii]  retain  their  ttcarp*. 

in  Chapicr  XIII  (p.  347)  wc  learned  ihal  a  block  t§olated  by 
faults  tiudiiij;  ini'<jy  fr<im  it  on  all  sides,  »o  that  tlie  bliKk  is  on  the 
uptbrow  ^dc  with  reference  to  ihc  area  alt  around  it,  is  called  a 
lorsl,  a  iiain<^  aduptod  from  the  German  far  lark  of  an  F.nglish 
'^tttro.  The  Hot^i  Mruclurc  ).'>  thus  much  like  that  of  the  block 
mountains  of  the  Great  Basin  and  the  Adirondacks,  excegji  fur  the 
direction  of  slope  in  the  fault-plants  and  for  the  f.-u't  that  there  is 
usually  no  relation  between  the  strike  of  the  beds  ami  ib^i  nf  iIm 
faults.  Several  examples  of  llorst  mountains  occur  in  Kurope, 
such  as  the  central  plateau  of  France,  the  \'osgcs,  the  Black  and 
Thuringiun  Foresls,  and  ihe  Hartz  Mounlains.  Tliesc  uplifts  are 
composed  chiefly  of  ancient,  very  strongly  folded  and  hard  rocks, 
from  vrhkh  most  of  the  cxivering  strata  ha\e  t>een  removed  by 
denudation,  and  rise  quite  abruptly  from  the  comparatively  un- 
disturbed strata  of  the  surrounding  lowlands. 

Along  the  entire  eastern  coast  of  .^sia  the  topography  «  con- 
trolled by  gigantic  systems  of  faults.  The  zigzag  mountain  ranjirs 
which  bound  the  coastal  plains  on  the  wi-st  have  a  general  tnai 
apptoKJmately  parallel  to  the  coast,  and  mark  a  scries  nf  great  faults 
vrith  downihrows  to  the  east.  The  coastal  phnii  itself  is  di^idcd 
into  a  series  of  more  or  less  parallel  blocks  by  step  faulu,  aim 
with  downthrows  to  the  eastward,  resulting  in  a  system  of  terraces 
which,  however,  have  not  ilat.  but  inclined  tops.  I>ecause  of  the 
lilting  of  the  block.s,  much  as  in  the  block  mounlain^  uf  soulbrm 
Oregon,  though  on  a  vastly  larger  scale.  An  cast-west  section 
ihrrjugh  northern  China  sJiows  three  such  enormous  blocks,  ihe 
■Mongolian  block  on  tbc  west,  the  Japanese  block  on  the  cast,  with 
theManchurian  between;  the  Japanese  block  is  partly  submerged, 
making  the  outer  portion  an  island,  as  is  true  of  tlic  whole  chain 
of  islands  which  fringes  the  eastern  Asiatic  coast.     Tliese 
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ns  may  be  followed  frum  the  Tropic  of  Cancer  to  tlie  Arctic 
Irde  and  thiouf^  sixty  dct;rec§  of  longiludc, 
Not  only  arc  the  grand  features  ui  tiiiwi^pliy  in  eastern  Asia 
dominAlcd  by  pgantic  fault  systems,  but  itic  minor  features  indi- 
cate similar  toiitn)!.  The  Korean  |>enin»u]a,  for  examjile,  Iia<  its 
tupograi^y  determined  by  sj-items  of  iotei^cting  faults,  of  which 
principal  scries  extends  from  N.N.W.  lo  S.S.E.,  and  the  whole 
{gauntry  has  been  compared  to  s  chess-board  of  faull-bIoc)t&. 
Japan  U  <li\-idrd  inin  two  [KtrLt  by  a  great  tran^ver<e  fault,  the 
fossa  iMgna,  north  of  which  the  inland  has  n  northerly  trend  and 
u  dominated  by  fault  lines,  while  south  of  llic  fo^sa  the  island  turns 
westward  and  is  controlled  by  ihc  axe*  i>f  (old<. 

Faulu  frequently  determine  the  location  of  valleys,  either  by 
affording  cont-enienl  courws  whi<-h  are  taken  |miwe<.»i(m  of  and 
eitcavated  by  streams,  or  directly  by  trough  faulting,  thai  w, 
parallel  faults  hading  laaiird  each  other,  including  an  elongate 
sunken  block.  A  single  fault  nuy  lead  to  the  formation  of  a  valley 
when  followed  by  a  stream.  Fault  valleys  are  very  common  in  the 
Sierra  Nevada  and  Grrut  Basin ;  and  in  the  Coast  Range  of  CaU- 
fnrnia  a  series  of  vaUc)'s,  together  more  than  400  miles  long,  has 
been  excavated  along  the  fatdl  line  which  is  the  s<^ut  of  the  recent 
earthquake  diilurbances.  The  lower  Hudson  Rowi  in  a  fault 
valley,  of  which  tlic  Palisades  form  the  scarp,  and  in  the  Aiiiron- 
docks  the  drainage  is  so  lart^ly  along  intersecting  fault  lines  that 
its  regidarily  is  very  >lriking  and  has  occasioned  the  descriptive 
term  of  "  lattice  drainage  "  (Brigham);  the  zigzag  courw  of  the 
Au  SaWc  Cha*m  b  determined  partly  by  fault*  and  partly  hy  joints. 
The  valley  of  the  Rhine  above  Strassburg  is  a  great  trough-fault 
included  between  the  Black  Forest  highlands  on  the  east  and  the 
Vofiges  Mountains  on  the  west,  both  of  which,  as  we  have  seen,  are 
Horst  mountains.  The  trough  is  very  deep  and  is  nearly  filled  with 
river  dqMwi  Is,  which  Indical^■^  the  gradual  chariutcrof  the  dislocat- 
ing mowmenLs.  Otl»cr  European  examples  of  stich  trough  valleys 
are  the  batin  of  Lake  Oania  in  northern  tlaly,  the  Chrrstiania 
_|Jucd  in  Norway,  and  the  Gulf  of  ^airas  and  Straits  of  Curiiv*.^  vcv 
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Greece.    Such  valleys  iirc  likewise  cxlen.iively  developed  in  Mon- 
golia and  souihcrn  Siberia;  ihc  basin  of  Lake  Baikal  i»  in  a  trough 
valley. 
The  mns{  remarkable  known  instance  of  trough  futilting  U  tV 
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great  Rifl  V'aJIey  nf  ciwiern  Africa,  wlikh  begins  about  15°  S. 
Ut.,  and  after  a  short  course  sends  oft  lo  the  northwest  the 
Ceniral  African  branch,  in  wliich  are  situated  bkcs  Tanganyika, 
Albert  Edvrani.and  Albert;  bolb  branches  arc  also  the  M.-at  of 
extensive  volcanic  action.  The  main  valk-y  conlinucs  northward 
(rum  l^ke  Nyassa  and  contains  Lake  Rudolph  and  several  smaller 
takes;  passing  between  the  plateaus  of  Abyssinia  and  Somalilund, 
ll  extends  to  the  RmI  Sk3.,  which  is  itself  regarded  as  bring  but  a 
«Yry  deep  pari  of  the  same  great  downthrow  inundated  by  the  sea. 
Al'ibe  northern  end  of  tW  Red  Sea,  the  Gulf  of  Akabah,  on  the 
CBSl  «dc  of  the  Sin^i  Peninsula,  is  an  extension  of  the  trough  uliicli, 
growing  shallower,  riites  to  the  land  and  keeps  its  northerly  direc- 
tion for  a  long  disUncc.  Growing  deeper  again,  it  Incomes  the 
bosio  of  the  Dead  Sea,  tlte  surface  of  which  is  1300  feet  below  sca- 
levd,  and  the  inlley  of  the  Jordan,  and  north  of  that,  the  valley  of 
the  Orontes,  reaching  nearly  to  AniiiHh,  The  valley  of  the  Jordan 
and  the  Dead  Scji  b  enclosed  Iwtween  parallel  faults  and  mono- 
clinal  folds,  tl)c  descent  being  \'ery  abrupt  on  the  eastern  side, 
while  on  the  we»t  tt  is  more  grudtul  and  by  means  of  several 
terraces  and  scarps.  In  Africa  the  great  Rifl  \'alley  is  not  ix>r- 
dcred  by  mounlain  ranges,  but  nits  tlinnigh  high  ])lateaiis,  and  the 
form  of  the  valley,  Kith  its  constantly  rising  and  failing  bottom, 
thowA  tliat  it  is  not  a  valley  uf  erosion,  but  one  of  teclunk-  ilc- 
prcssion. 

If  this  inlerprelaiion,  which  we  owe  lo  Suesa,  is  conwt,  this  irasi 
dislocation  extends  through  fifty  degrees  at  ladtude,  and  is  one  of 
the  most  .-miking  structural  featurejt  of  the  earth's  surface. 

Faults,  especially  those  of  large  throw,  frr<]ucnlly  bring  rocks  of 
very  difiercnt  degrees  of  hardness  into  close  juxtaposition.  If  the 
haixlcr  rocks  are  on  the  upihniw  side,  then  the  waqi  may  )icrsist 
for  a  very  long  period,  because  they  are  so  much  more  slowly  worn 
away  than  the  sofler  rocks  of  the  downthrow.  If  ilie  Utter  b 
composed  of  the  harder  rock,  the  scarp  is  firjl  eroded  away,  and 
ibm  continued  denudation,  removing  the  softer  rocks  more 
rapidly,  fonns  a  scarp  on  the  dov.-nthrow  side,  a  rei-erwd  scaipt 
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so  to  speak,  due  entirely  to  difTeriMitml  erosion.  In  other  word*, 
the  hiird  tock*  will  eventuaily  i>e  led  standing  jil  ii  higher  Icvtl 
than  the  softer  onu»,  whether  they  arc  on  the  upthrow  or  down- 
throw »ide,  mid  thus  conform  lo  the  general  rule  of  i<>[Kigr3f>faic 
development,  provided  the  region  st.ind  sufficiently  high  above 
base -level. 

Under  these  circumstances,  faults  of  vcrj-  higli  geological  antiq- 
uity may  continue  lo  dominate  the  lopu^ruphy  of  tiie  faulted 
region.  A  classical  example  of  this  is  ^»-en  by  the  CcntraJ  Low- 
lands of  Scotland,  which  lie  between  the  Highlandn  on  tlic  north 
and  the  southern  Uplandn,  and  nmsist  chictl;^  of  (guitc  soft  and 
easily  destructible  r(x:ks,  while  the  higher  areas  which  bfiund  then 
on  each  side  are  made  up  of  much  more  re^i'>'tant  rocks.  When  Uw 
rocki  on  the  two  sides  of  the  fault-plane  differ  notably  in  bardnes), 
then  the  transition  Imm  higher  lo  lower  ground  !.-'  well-defined  and 
abrupt,  but  the  transition  is  gradual  and  by  gentle  slopes  when 
the  dilTerence  in  hardne^ts  Ls  »nall.  Tbe  great  faultit,  with  thttnn 
fiometimes  amounting  to  6000  feet,  whi'h  demaniite  the  Low- 
lands,  are  very  ancient,  but  tbcy  still  control  the  main  features  of 
loiiography. 

When  the  fault.^  pas-s  through  strata  of  approximately  uniform 
durability,  the  s(ar|is  arc  removed  with  a  rapidiiy  n liich  b  chiefly 
dependent  upon  the  climate,  because  the  upthrow  side  is  exposed 
[0  attack  and  the  downthrow  is  an  area  of  aocumulalion.  la 
such  rocks  all  surface  evidences  of  the  fault  are  removed,  and  tbe 
very  existence  of  the  dislocation  is  often  ^vry  diflicull  lo  detect. 
Unquestionably,  countless  undetected  faults  remain  to  be  die 
covered  even  in  well-known  rcgioat. 

Unless  interrupted  by  diastrophic  movements,  the  progresE  of 
denudation  must  eventually  remove  all  surface  indications  n(  faults, 
however  great  the  diiTerencc  in  hardness  between  the  rocks  of  the 
U{>lhro«'  and  downthrow  wdcs,  \Vlien  the  region  is  ba.se -lc\-clled, 
orreduccdtoa  pcncplain.no  fault -scarps  will  be  apparent.  On  the 
other  hand,  the  l>eginning  of  a  new  cycle  of  denudation,  through  the 
upheaval  of  the  faulted  area  and  the  rejuvenation  of  tbe  erosive 
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,  na]r  result  in  the  reappearance  of  the  scarps,  provided  [be 
nxks  00  the  lm>  sides  nf  (he  Tuult  dilTrr  notably  in  hanJnc;<s.  In 
this  case  the  hutkr  will  stand  above  the  Ic^'d  of  the  softer,  whetlier 
ibcy  are  an  the  uplhniw  or  l>ic  downthrow  aUJc.  It  \\ic  <lislocu- 
lions  have  not  batHight  together  rocks  of  different  resisting  powers, 
tkcn  reiSevalion,  not  accompanied  by  renewed  disptaeemciits  itt»ng 
the  aid  fauJt-pUncs,  will  not  bring  the  scarps  again  into  promi- 
nence, though  newly  e&tablished  streams  may  titke  advantage  of 
these  lines  of  weakness  in  trenching  their  channels. 
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From  what  has  !)ren  said  it  is  sufficiently  evident  that  faulting 
plays  «  very  important  part  in  the  formation  of  topographical  as 
well  ax  of  ittruclural  feature>,  and  (u  faults  may  Iw  additl  thrusts, 
though  the  importance  of  the  latter  is  relatively  less,  for  thrusts 
occur  among  violently  compres.-'^  and  folded  rucks,  while  faults 
an  found  chiefly  in  strata  whk))  ulhcmisc  are  not  greatly  di»> 
lurbed. 
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The  Tok>craphical  Inficence  op  Joints 

As  we  have  repeatedly  had  occasion  lo  observe,  all  (inn  and  co> 
hcrent  nx'ks  are  divided  by  xeu  of  jotnU  iiiio  bkiclu  o(  varying 
.sizes  and  shapes,  each  kind  of  rock  tending  (o  display  a  oertaiii 
d^recoTcharactcriNlicunilonnity  in  ihc  shape  and  »iie  of  its  joint- 
Uocks.  There  is,  howciirr,  much  latitude  in  this  respect,  for 
jointing  h  lar^ly  dcterrnined  by  the  stre3«u-t  of  mmjwvjsion, 
tension,  or  torsion,  to  irhich  the  rock  has  Iwcn  stibjrclcd  after  ib 
formation.  In  whatcwr  manner  they  may  ba\-e  been  formed, 
joints  exercise  a  >'ery  important  control  in  (be  development  4)1 
lopofcraphiial  delail.t.  The  reason  for  Ibi^  becomes  ob^itms  when 
«■«  reflect  that  joints  arc  lints  of  weakness,  along  which  Ihc 
are  e^>ccially  liable  to  attack,  and  that  master  joints  are  jmf 
slriH*tura1  plani-s,  akin  to  faultv.  winch  ficrsUl  fur  long  distances 
and  often  penetrate  to  ver)-  consi<lerable  depths  from  the  surfa 

One  of  the  most  iroporlant  kinds  of  control  exerted  by  jotu 
in  con<)ili<»iing  ihc  drainage  lines  of  a  given  region.  The  gcti 
direction  in  which  the  drainage  of  any  region  is  carried  Is 
nined  by  the  prevailing  direction  of  .<lo[)c  exi;tting  wlicn  the  river 
system  was  established,  but  the  Row  of  minor  streams  is  vcrj-  often 
depcDdenl  upon  the  diretrliun  of  the  join  Us  in  the  rocks  throii^ 
which  they  flow.  In  several  regions  where  the  matter  has  been 
carefully  examined,  a.>i  in  France,  Connecticut,  and  \\'isron*tn, 
it  b  found  that  the  network  of  streams  closely  coincides  with 
the  network  of  dip,  strike,  and  diagonal  joints,  which  have 
a  constant  trend  over  wide  areas.  The  Am  Sable  Chasm,  so 
frequently  referred  to  in  preceding  pajjcs.  pursues  a  ngug  coup* 
through  the  eastern  part  of  tlic  .Aiiirondatk  uplift;  in  pan  thi* 
course  is  along  a  fault-plane,  which  is  again  forsaken  to  follow 
a  line  of  mikiter- joint. 

An  especially  notable  case  of  joint-control  is  seen  in  the  gorge 

and  N^iclnria  Falls  of  the  Zamttcsi  in  South  Africa,  cut  through 

an  eaormoubly  thick  volcanic  plateau  at  basaltic  lava,  an  accouni 

which  is  ^ven  on  page  144  and  need  not  be  repeated  here. 
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Suffice  it  to  say  that  the  course  of  the  gorge  h.is  been  liclcrmined 
by  the  master  j(>ini»,  the  river  endeavouring  to  keep  a  »>ut!herly 
counie,  but  repeatedly  (icflcttcd  by  the  joint-platK^.  The  great 
chasm  U  cut  along  a  title  ur  fault,  which  yielded  readily  lu  abra* 
ijon,  and  may  be  traced  into  (he  sloping  cliff  at  cnt^h  end.  At 
the  prcNcnl  time  the  western  cataract  of  the  Victoria  Falls,  called 
Leaping  Water,  has  discowrcd  another  line  of  «Taknes8  and  has 
cut  iLs  bed  fifteen  feet  below  the  level  of  the  other  falls,  manifestly 
pn-iraring  ihe  way  for  the  excavation  of  a  new  sj^sg. 


F>n.>(a.  — Gi)«sccilbeZambi-HlK)cF«  Vicisiiii  Falii,  Niucb  Afrla 

Another  respect  in  which  joints  arc  ini[>ortanl  is  in  controlling 
the  detail*  of  lopography,  for  Ihe  obvioiu  reaiwa  tliat  it  i.t  along 
the  }oinl-plancs  that  rocks  yield  to  tlic  atliuk  of  the  denuding 
agencies,  roost  of  which  loosen  and  detach  the  joint-blocks.  Evl* 
dcntly.  the  form  of  surface  Icfl  after  the  detachment  of  (lie  blocks 
is  cKmditioncd  by  tlie  joint-planes.     In  the   plutonic  igneous 
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rocks  there  i*  great  %'aricty  i>(  fnrm  and  siw:  in  ilip  joint-block?. 
Granite  is  often  iliiidcd  by  Ihrec  sets  of  nearly  rectangular  jiitnU, 
one  of  which  is  horimnlal  or  iccntly  inclinnd,  and  wi<Icly  spiiccti 
so  as  to  f»rni  Inrgc  rectangular  blocks.  When  this  is  the  ca^c, 
weathered  granite  clifT^  look  like  old  nnasoiiry  and  t'imt  m  slcfvUkc 
terraces.  When  the  joints  are  \xry  close  together,  the  rock  breaks 
up  into  small  angular  blocks.    In  other  examples,  only  the  \Trtical 


I'll;,  *(j,  —  Till.- 1: 
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joinLi  are  strongly  pronounced,  and  then  wild  and  craggy  diffs  ami 
nccdIc-Uke  summits  result  from  weathering.  The  eharattcrirfic 
granite  domes  so  frequently  found,  to  which  rcfcrtnce  has  already 
been  made,  arc  due  to  exfoliation  of  gr^Tiite-*>  in  which  the  jalau 
are  few  and  vridely  spaced. 

Columnar  jointing  in  sheets  is  chiefly  vertical,  and  heme  \ira- 
duces  vertical  faces,  which  change  and  follow  any  curvature  thai 
may  develop  in  the  columns.    Most  lavas  are  clo.seIy  and  very 
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Imgularly  joinled,  so  Ihat  they  arc  rapidly  broken  up  by  frost. 
Such  rwlu:,  when  cx[i')>cd  in  niiiunl.'iiii  topK,  ^ve  rti.e  to  sharj) 
ridges,  jagged,  irrcpilar  peaks,  and  xtry  rough  s.Iopcs,  portions  ol 
|he  nick  where  the  joints  are  more  widely  spaced  and  the  blocks 
hirger,  yielding  less  rapidly  to  destruction,  and  projecting  at,  ridges 
mid  huiirunes.  Aside  from  rectangularly  jointed  granite,  with 
well-defined  horizontal  division  planes,  mu»es  of  igneous  rock 


fia.  aM-~^">'l°<l°'"*- Yoscmiie  Vallcjr.  C*l.    (Fboiograph  tiylWiKl>ut) 


yield  rough,  irregular,  and  craggy  surfaces.  On  the  other  handi 
the  direct  bifluenoc  of  joints  h  often  masked  by  the  effect-'i  of  chemi- 
cal decomposition  produced  by  water  descending  along  the  joint- 
planes.  In  cooiiequence  of  which  a  freshly  expo^  surface  is  often 
already  rolled  and  ready  lo  yiitid  In  the  rain  aixl  win<I.  Thus, 
with  general  characteristic  features,  igneous  rocks  give  an  inlinite 
variety  ot  details  in  form. 


TOPOGRAPHY  AS  DETERMINED  BY  FAULTS  AKD  JOINTS 


In  atratificd  nxks  the  joints  arc  u<iuaUy  vcrtkat  to  the  bedding- 
^ancs.aiid  wlicn  the  itrata  arc  hard  and  do  not  cmmtile eaftly  on 
weathering,  the  surfaces  arc  venkaJ  in  horizontal  strata,  wlikh 
thiu  fpw  ri.'W  lu  il4t-i<>|>ped,  vertical -»idccl  ine»a»,  and  [>ynunidal 
mountains.  ItKlination  of  the  strau  changes  the  position  of  Uir 
jotni-plane^  reiulling  in  cscar^mient,  di)i  slopes,  and  the  other 
classes  ot  forms  already  described.  Tbe  fact  to  be  cmphasixd 
here  i^  the  share  which  the  joints  bare  in  producing  the!«  forms. 


M^^rm: 


FlC  »«.  -  Uin«t<diij  cUtb,  Itiiirk  ilillx  S.  D-     (i;.  S.  O.  S,) 

The  crystalline  schists  are,  for  the  meet  pan,  Jcnntcd  in  s  highly 
trrrgidar  maimer,  though  gneiss  fiometimes  has  rectangular  blocks, 
tike  those  of  granite.  .As  n  Trsutt  of  this  confused  jointing,  the 
schisD  ffw  rUe  to  forms  which  display  a  mftximum  of  irregularity. 

Under  gi^'cn  climatic  condiiion.s,  each  kind  of  rock  weathcis  in 
a  characteristic  manner,  and  this  manner  is,  in  large  degree,  de- 
invd  by  the  juint-block>  Into  which  il  h  diWded. 


CHAITlvR    XXI 

ADJUSTMENT  OF  RIVERS 

KiVEKS  are  amunj;  (be  moAt  powerful  of  the  agents  of  lopo- 
graphical  dcvdopmcnl ,  ;iinJ  it  is  importani  to  umlcisland  some- 
thing f>(  their  mode;>  of  change  and  adjusimcnt.  These  changes 
arc  sometimes  excec^lingly  citmple.x  and  jiuuling,  for  rivers  do  Ihe 


no.  0(6.  —  hlceaBi  culling  itiouEli  a  tiilgir.  MirJdlc  t*Jik.  CoL     (L'.S.  G.  S.) 

mott  unexpected  ihinKs  in  what  seems  an  utterly  capricious  and 
vrbinidciU  way.  Wc  often  f*x  m-crs  liirjii-hing  hills  and  ewn  vast 
mountain  ranges,  cutting  ihrir  way  through  enonnous  obstacles, 
khich  »  »liKht  deviation  from  llieir  course  »-oul<l,  Memingty,  have 
enabled  ibem  to  avuii).    Tbcy  ap|uircntly  cIiook  the  di^uVv  om^ 
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shun  the  cas)-  path.  The  general  explanation  of  ihcse  paradoxical 
resulu  is,  that  tlie  river  liegan  It*  flow  when  the  (npography  was 
entirely  diffcncnl  from  its  present  state  of  dcvelopmenl.  It  b  ihis. 
fact  which  rcndL-m  the  nwn  such  valuable  aiib  lo  the  gcologisi 
in  bis  ullempls  to  reconstruct  the  past,  for  the  apparent  whims  and 
caprices  are  really  the  necessarj'  results  of  law. 

Consequent  Riven,  —  A  river  has  its  stages  of  dcvelopmeot, 
youth,  maturity,  and  old  age,  ju.'^I  as  has  a  land  .turfaoe,  each  sia^ 
displaying  Its  characlcn»tic  marks.  When  an  entirely  new  land 
surface  is  upheaved  from  the  sea,  it  has  no  rivers,  and  its  drainage 
must  ixinsi^l  merely  uf  the  surface  rain  wa'sh  following  the  initial 
slopes  of  (he  ncn.'  land.  No  instance  of  any  cotmderable  ana  of 
newly  uplifted  land  bait  ever  beeti  observed,  but  the  M-(|ucncc  of 
events  may  be  readily  inferred  from  known  tacts.  Since  tbt 
itlo[>es  cannot  l>e  al^olulely  plane  nor  the  material  entirely  hotnogi^ 
neons,  there  mu^t  he  j^light  depressions  along  which  the  rain  wattf 
will  gather  into  rills,  and  these  will  wear  out  little  trenches.  The 
more  favourably  »iitiaicd  trenches  will  receive  more  water  sail 
Ije  more  rapidly  deepened  and  enlarged  into  ravines.  In  ihfe 
early  stage  of  <lrainagc  dcvelo|iment  there  will  l>e  many  rai*ine>> 
more  or  less  parallel,  which  arc  dry  except  after  raios.  Those 
ra^Hncs  which  are  mrist  rapidly  deepened  will  lie  cut  down  to  the 
level  of  the  ground  water  and  will  there  be  fed  by  springs  and 
become  permanent  »treams  when  a  level  is  reached  below  which 
the  ground  water  docs  not  sink  in  the  driest  seasons,  if  the  bc« 
land  is  not  simply  sloping,  but  folded,  valleys  for  draina^  aft 
afforded  by  the  syncUnes.  The  principal  valleys  are  thii»  \naff- 
tudinul,  the  main  streams  flowing  in  the  synclinal  troughs  mi 
passing  from  one  syncline  l»  another  at  the  points  where  the  and- 
dines  are  lowest,  owing  to  the  descending  pilch  ol  the  fold»- 
Sucli  a  drainage  system  is  exemplified  in  the  Jura  Mountains  «( 
Switzerland.  Thu.s.  in  a  newly  upheaved  or  newly  rolde<l  land 
the  streams  are  determined  entirely  by  the  >loi»es  of  ilic  new  sur 
face  and  arc  called  tonsftiumt  stieams.  In  its  earliest  stage>  1 
iVer  can  drain  its  territory  or  basin  in  only  imperfect  fashion,  art! 
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whatcrar  dcpncs^onfl  exist  in  tlic  surface  of  the  new  land  are  fiDed 
U|)  vvilh  uati-r  ai]d  furin  lake^.  l'riliutario>  are  mutrli  (ewer  ihki) 
inlatcrstag^of  dcvelopmcnl;  the  divider  jjctwccn  tiic  tributarin 
arc  obsciireiy  marked,  and  in  plain.->  iIieNC  divides  are  bn»ad  area>, 
not  lines.  'I"hc  Red  River  of  the  North  is  an  example  of  a  stream 
In  a  very  youthful  -ttage,  which  llow^  acros-t  the  level  floor  nf  ao 
abandoned  labr.  In  this  plain  the  divides  lietwccn  the  streams 
are  ao  wide  and  (lal  thai  water  gathers  on  them  after  lieavy  rains, 
having  no  rea»>n  to  flow  in  one  dtreriion  rather  than  another.  In 
northern  Minnesota  i.t  the  watershed  or  divide  between  the  M»- 
as»ppi,  St.  LawTvnce,  and  Hudsoirii  Ray  drainage  systems,  which 
is  hardly  visible,  the  slu^Kish  sircains  wandering  over  an  almosl 
flat  surface,  which  ha.*  (ouhiIcks  marshes  and  lakes. 

As  the  river  system  becomes  somewhat  older.  Ihc  stream  chan- 
nel.* ;ire  deejwned,  tlie  larger  ones  boitix;  cut  down  lo  ba$e-lcvd| 
and  if  the  region  be  one  of  considerable  elevation,  dcqi  gorges 
and  caflons  are  excavated.  If  the  streams  Raw  acmi.4  strata  of 
different  hanlness,  waterfalls  result  when?  a  hard  ridge  crosses 
them,  but  in  the  main  stream  these  cascades  and  rapids  are 
ephemeriU  and  »o<in  removed  by  the  stream's  wearing  down  itie 
ohs.ladc.  On  the  headwaters  of  streams,  however,  waterfalls  may 
pen-ist  f<ir  a  lung  [leriod.  The  river  valley^  arc  widened  out  by 
atmospherit*  dcnudaTion,  and  channels  are  formed  on  their  sloping 
side>,  which  jjradually  jjniw  into  side  valleys.  The  lakes  ate  for 
tbc  most  part  drained  or  silted  up,  only  the  mure  imiKtrtant  and 
deejjer  ones  remaining,  while  the  system  of  tributary'  streams  and 
rills  is  greatly  expanded.  A  mature  river  system  i*  eharacleiued 
by  the  complete  development  of  iu  tributaries  and  drainage,  w 
tbat  ever)-  ]ian  n(  its  basin  is  reachcil  by  the  ramifying  cbannek, 
and  rivers  of  the  same  ^adc  tend  to  be  separated  by  nearly  equal 
inlerspuces.  The  watL-rfalls  have  disaiijicared,  except  near  the 
&tream-hea<k,  and  the  stream-channels  have  sought  out  and 
utilized  every  weakness  in  the  strata,  adjusting  themselves  lo  the 

ucture  of  the  rocks  and  the  alternations  of  hud  and  soft  Ijcds. 

ValUry  (loars  are  l>roadencd  and  deixisition  begins  upon  theiSi 
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and  lite  slreams,  rea<^hing  nconililiun  of  cquilihrium  Ix-lwccn  vro- 
^Q  and  deposition,  arc  eajd  to  bt  gradtd.  In  graded  streams  ihe 
sluite  allaincd  varies  grcnil)"  a  :<mall  stream  or  one  l»adc<l  with 
icdiiiKiK  requires  »  steeper  slope  than  u  large  one,  or  one  carry- 
ing but  a  .-tmall  load.  Thus,  the  louer  Missi->i))t)>i  and  it»  irlbuU- 
ncs  are  graded,  l>ut  while  Ihe  great  riv'er  flows  in  a  vaJiey  with 
hardly  any  ^opc,  the  valley*  o(  the  ynaller  streams  are  siill  t|uiie 
strep,  [n  the  procrw  •>!  deveio[imenl  tlw  stream  gradients  are 
continually  readjusted,  with  the  general  result  of  diminLthing 
the  »lo|te.  When  the  stream  has  ita^hctl  kije-lewl  and  no 
kmger  erodes  vcnically,  save  in  seasons  of  Hood,  it  continues  lo 
CUl  laterally  and  to  receive  and  tran>ii<>rt  the  maicrial  wa>hed  into 
it  by  rains,  and  thus  the  divides  are  worn  away. 

The  complete  network  of  streams  has  cnlarj^ed  the  valley 
surfaces,  which  increases  the  rale  of  destruction  and  brings  to 
the  river  a  greater  load  of  sediment  to  carry.  In  maturity  the 
river  receives  its  maximum  load,  siimelimes  m>  great  that  (he  lower 
reaches  of  the  main  stream  are  unable  to  transjmrt  it  all,  and 
spread  tiM  excext  out  over  llie  flood-plain.  Tlie  channel  of  an 
overloaded  stnram  may  be  »>  rain-d  an<l  banked  in  by  its  own 
deposiu  that  some  of  the  tributaries  are  dcllected  and  made  to 
run  (or  some  distance  (larallel  to  tlu;  main  stream,  jtcrhaps  c^Tn 
reaching  the  sea  inde|>endenily.  An  example  of  this  is  Ihe  Loup 
Fork  of  the  Platte  in  Nebra-ska.  "The  Platte  l1llw^  there  ujinn  a 
rid^  of  its  own  creation.  'Ilic  L,oup  comes  down  into  its  valley 
and  flows  parallel  with  it  for  many  mile»."    (Gannett.) 

The  final  stages  of  river  deve!<ipmcnt  arc  reached  when  ibe 
base-lc\'cl  is  atlaiiKHl,  and  the  (Iralna)^-  tia.-'in  r4:du<;ed  lu  a  pene> 
plain  by  the  combined  action  of  the  streams  and  weathering.  The 
fltHxI-pIain  defMHit^  may  now  be  partially  or  completely  removed, 
for  Ihe  main  tr\mk  no  longer  receives  an  c.wessivT  load,  and 
tien(«  It  \'i  able  lo  carr)'  away  Mune  uf  that  sediment  which  il  had 
previously  dcp'isitcd.  With  its  drainage  bu^in  sra'iothcd  down 
jnlo  a  peneplain,  the  ri^vr's  work  is  done;  it  has  readied  old  age. 

The  courw  uf  river  evolution  above  dcM'rilied  is  the  ideal  cycle 
11 
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Om  Ac  Mir  smn 
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iMwvl  IflfMip  D^  tlw  dcKHMSng  MiiiJiBt  bot  cfanriiBC  these 
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Antwvdwil  Rivnt,  —  Anolhcr  vray  in  whkh  rivni;  have  been 
caabled  in  cut  iheir  way  tUrougli  oppoun^  ranfjcs  of  IiQIn  and 
even  ni(iuntain&  !s  by  cccu|>ying  Ibc  distrkt  before  the  htlls  or 
tnouDlains  were  made.  Such  streams  are  called  anteetdait  and 
are  defined  u  "  tbow  ()tat  during  and  fur  a  time  after  a  dislurtt- 
ance  of  tbcir  drainage  area  maintain  the  courses  that  they  bad 
lalien  before  the  <Ii*turb.%n<«."  (Davis.)  In  ihf*  manner  a 
stream  originally  conscqueiii  may  become  antecedent.  'I'hr  sim- 
plest CAM  of  antece<lenl  drainaf^  is  where  an  area  is  ui>lifted  with- 
out deformation  and  without  changing  Ihc  direv^'tion  of  the  slopes. 
Under  such  circuinslanccs  all  the  streams  retain  their  uld  channels, 
and  simply  gain  renewed  power  to  <*ul  tlicm  into  dee|N.T  trenches, 
down  to  the  new  t>asc-level.  Such  streams  are  said  to  he  revived. 
RcvitfctI  streams  which  had  iM-gtin  to  meander  may  l>c  held  in  these 
windings  and  trench  ibcm  into  deep  gorges.  Even  if  the  upheaval 
be  accompanied  by  folding  or  deformatl'm,  one  or  more  of  the 
streams  may  persist  in  its  andcnl  course,  provided  ihc  folding  be 
very  «low  and  padual,  so  that  the  river  ts  able  to  cut  down  lhn>ugh 
tlw  ot)6>acle$  which  are  raised  athwart  its  course.  A  revolving 
mw  enis  iu  way  through  a  log  which  is  pushed  against  it,  so  tite 
river  cut*  it^  way  through  ihc  rising  barrier.  If  the  laltrr  lie  raised 
faster  than  the  river  can  cut,  then  the  stream  will  be  dammed 
bark  into  a  lalce,  or  will  lie  diverted  to  a  new  course.  Naturally, 
the  great  trunk  rivers  are  more  likely  to  hold  their  previouscouncs 
than  the  smaller  streams. 

A  6nc  example  of  an  antecedent  river  b  the  ColumtHS,  of  Wash- 
ington and  Oregon,  which  is  deflected  to  the  westward  by  the  vol- 
canic plateau  of  central  WashingtoniLsfiu-as  iheftxri  of  theCascade 
Mountains,  where  it  turns  southward,  following  the  mountains 
for  some  distance,  then  it  nniT  more  turns  to  the  westward  and  cuts 
tlirough  the  Cascades  in  a  great  cafton.  This  course  the  riwr  has 
maintained  despite  a  differeniiid  uplift  of  thousands  of  feet,  an<l 
probably  also  the  rising  of  the  Ca-scadcs  athwart  its  cxiurse.  The 
Snake  River,  a  iributarynf  ilie  Columbia, han  cut  a  cafton  6000  feet 
deep  through  lava  and  granite,  through  a  slowly  ri.sing  upwar^ 
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Snvnl  nvn>  b  tte  Alp* sadlfimhjKs,  wfadi ine fa  tbr 
(Mfl  «f  Ite  mys  and  cot  ibeir  vay  oat  llawi^  deep 
arc  hi&md  lo  be  antmdnu. 

Sugaiimfoui  Bircn.  —  An  uM  Iand-«utf3ce  villi  vcfl-defincd 
Irifiograpfax  OMJ  be  ilcr[>ljr  hntrird  omler  nnrrr  wruaniUtioas,  bso{ 
bva  flood*,  groi  bodin  of  rakaak  ash  and  tuS.  gfaccte  of  i^adal 
drill,  lake  dcpwdb,  or,  after  depn»4un  beneath  ibe  va,  bjr  marine     ' 
drpcMits.     In  cath  of  ih«c  cases,  ibc  Dew  surface  has  do  leferencc 
whatever  la  ibc  uM;  ibe  mure  ancient  and  buried  roc  let  may  and 
gt-neraOy  do  have  an  miircly  different  character,  ajraDgemcDt,  and     i 
tirvcture  frum  Ibune  wbtch  overlie  tbciQ.    The  draina^  s)Xein 
cMaljIishcd  upiin  the  new  curfarc  is  c<in^^iienl  ujMin  the  initial 
ftlopca  of  the  latlcr,  and  when  the  streams  have  cut  throujtb  the 
mantle  of  newer  ntck^  and  reach  tlie  ancient  surface  belnw,  ihry 
arc  entirely  oul  of  adjusimeni  nilfa  that  surface  and  its  rocks.     As 
the  (>treani.t  cul  tbeJr  trenches  through  tltc  m^erlying  mantle  of 
newer  strata,  they  encounter  the  oMcr  nKk»  bdow,  fin<4  laying 
l«rc  the  higher  ridges  of  the  lalicr,  which  will  cause  waterfaDs 
and  rai>i<U.    llie  uinicr  Miwiv^jnii  has  in  many  |ilui*e«  cvavatcd 
ba  channel  through  the  surface  sheet  of  facial  drift  and  is  now 
etifcaged  in  enKling  tliir  am  lent  cn'sialline  rocks  which  the  drift      ' 
had  coveted.     When  the  stream  has  cver}-n-hcre  cul  through  the 
newer  rock.1,  iu,  ci>une  will  be  seen  to  have  no  relaliun  to  the     ] 
atrurturc  of  Ihe  older  rocks  which  it  is  nr>w  irenchiiif|r.     If,  as  fre- 
quently has  ba|)|iened,  denudation  has  stripped  away  ainvost  aU      i 
the  npver  strata,  (he  driunugc  of  ihc  country  seenu  to  be  (luitflMl 
inexplicable  and  lo  be  arranged  without  any  reference  to  the  stiuc-''  " 
lure  nf  the  roclu  acroM  which  ilie  .stream^  How.    Such  a  »)>tem 
of  drainage  is  said  lo  be  suferimposed,  inkerilfd,  or  epigoutic. 

Examples  of  »uperimptised  streams  may  be  found  in 
ntimlicrs  in  the  t'nited  Slater  Almost  ail  of  iIk  minor  streams  in 
ih.it  part  of  ihe  nwnlry  which  is  covered  witli  glacial  drift  belong 
is  clavt,  as  do  also  the  rivers,  like  the  Columbia,  the  Snake, 
l>ex  Chuies,  which  trench  the  great  volcanic  plateau  of 
Orei^n,  and  Washington.    An  eqicdally  curious  and  In- 
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(eresiinjc  case  is  fouDtl  in  wtitcrn  Colorado  io  Ihe  v&Htyrt  of  ihc 
L'ncomi«hgn-  anil  Guniiisim.  Wlicn  Ihi-sc  j^lrcams  were  first 
cftlabliifacd,  ihe  region  was  a  plateau  with  westerly  fJopc  l^gely 
built  ui>  <>r  viiU-'anic  a^h,  btncath  which  aii  old  l<>j>o^[thy  was 
burictl.  The  Gunnison  Dowcd  over  a  concealed  mountain  of 
granite,  and  when  ita  valley  had  been  cut  down  to  (he  f;ranile,  it 
was  compelled  to  hold  the  same  course,  and  has  trenched  a  caflon 
2000  feci  deep  in  tliat  rock.  The  UnconipahsTC,  which,  lhouf;h  a 
tributary  of  the  Gunnison,  flow*  jiarallcl  with  it  fwr  a  lonsidcrabic 
di»taiu:e,  followed  a  course  which  took  it  over  an  old  valley  buried 
under  soft  materials  which  were  rapidly  rcmo\-cti.  At  the  prexnt 
lime  the  course  of  ibc  Cunnison  MHjms  to  be  cjuilc  paradoxicftl, 
though  it  i»  easily  r\|i|ained  by  it*  history. 

Subsequent  Streams,,--  As  a  river  system  approaches  maturity, 
and  as  (he  drainage  of  the  area  Iwcomes  more  complete,  tt  will 
increase  the  number  of  its  branches.  Those  branches  which 
were  not  at  all  represented  in  the  youthful  stages  of  (he  system, 
and  are  opened  out  along  lines  of  yielding  r(H-k»,  arc  called  ttibse- 
iputit,  and  all  itreams  will  develop  more  or  fewer  of  such  branches 
as  ihcy  advance  In  malunty. 

The  foregoing  dasalication  of  strcuns  docs  not  involve  cate- 
gories wliidl  are  entirely  eiilu.ti\-e  erf  one  another.  Any  »lr(-:uii, 
whatever  its  mode  of  origin,  may  become  antecedent  through 
di.x'.in>phic  movement*.  Most  suiJerimiHised  streams  are  aL-^o  iron- 
sequent,  but  by  no  means  iirr  all  consequent  streams  superimposed. 
The  Columbia  and  Snake  arc  both  supcrimpo^-d  and  anlecedeni. 

Adjustment  of  Rivers.  —  llowei'er  the  streams  of  a  district 
may  hat-c  been  established  in  the  first  instance,  whether  (hey 
were  n)n5e<]ueii(,  antecedent,  or  »uperimi>(>»c<).  the)'  arc  liable  to 
changes  more  or  less  profound  and  far-reaching.  These  changes, 
whkh  belong  to  the  normal  development  of  the  <lraitiage  system 
and  are  not  dependent  upon  diastrophism,  arc  due  (o  adjustment 
of  tiM-  streanu  to  die  rock  structure  of  the  di.-Kritt,  ibe  streams 
searching  out  ihc  lines  of  weakness  and  least  resistance,  and 
everywhere  taking  the  easiest  path  to  their  destination.    The  up- 
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Ktrcam  cxtniMon  of  branches  und  (be  iihiftinjc  of  (lividu»  rc^lt 
in  Ibc  capture  of  streams,  or  paru  of  such,  by  others  more  favour- 
ab))'  nUu:i1m1,  une  maNlor  Mnram  i^radually  abM>rinng  many  Mnallef 
ones  which  liad  orii^nally  been  independent. 

A  dJt'ide,  or  u-ati-r-|>ariing,  Ijetween  two  sireamd  b  gradually 
ght[tc<l  by  ihc  lengibening  of  the  mofe  favfxurably  situated  stream, 
or  uf  one  of  its  iuibsei|ucni  branches.  This  more  favourable  xilus- 
tkm  may  be  twcauac  it  has  a  shorter  course  and  greuter  fall,  giving 
a  swificf  flow,  or  becau^  «  flows  at  a  lower  lc\'el,  giving  grcaWf 
fall  to  its  tributaries,  or  because  its  counc  is  through  ^ofl  and  cosly 
eroded  rocks,  while  its  rival  is  embarra.'^d  by  hard  rocks  and 
Icdgrs.  Anolhrr  favourable  <"in*um*t;ince  whiih  may  dei"iilc  !«- 
(ween  streams  otberwi*c  equal  is  given  by  the  attitude  of  the  strata. 
In  regiorw  of  inclined  strata,  as  we  have  ajready  learned,  the  es- 
carpments formed  by  outcropping  ledges  of  harder  rocks  tend 
to  migrate  in  tlie  direction  of  the  dip.  As  such  e.'carprocRU 
frequently  form  divides  between  minor  streams,  the  stream  toward 
which  the  escarpment  migrates  will  be  at  a  disadvantage.  This 
shifting  of  divitli-x  is  a  very  slow  [imces*,  but  after  a  long  time  of 
insidious  advance  Ihc  actual  capture  and  diversion  of  part  of  a 
stream  may  lie  ((iiile  suddenly  effected. 

Stream  capture  may  be  cSccled  in  a  great  vaiiety  of  ways,  but 
a  few  examples  must  suffice.  We  may,  in  the  first  place,  suppose 
two  nrighbouring  streams  following  roughly  parallel  courses,  but 
owing  to  tlie  original  conformation  of  the  region,  flowing  at  (fif- 
fetvnt  ki^-cls.  Tlie  stream  that  flows  at  the  io«x;r  level  will  allow 
peatcr  fall  to  its  tributaries,  which  will  thus  work  upward  more 
rapjdiy.  One  of  these  tributaries  will  eventually  work  its  way 
ihrougb  the  divide  and  lap  the  rival  stream,  all  of  whose  waters 
above  the  [Kiint  of  tapping  wilt  lie  diverted  to  the  main  >tt«un 
which  flows  at  the  lower  level. 

The  same  mode  of  capture  may  t>e  effected  in  the  caw  of  two 
streams  which  head  on  opposite  sides  of  the  same  dividet  one  oJ 
wbkh  has  a  much  sleeper  grade  tlian  the  other.  The  stream 
h  has  the  sleeper  slope  will  work  Iteadward  ntore  rapidly,  and 
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iD  ercntually  tap  the  head-waters  of  the  oppooiteftlream.  ThU 
method  is  illustrnicti  in  the  CiiUkil]  Mouniains,  which  arc  carved 
out  of  a  (aUc-land  sloping  gently  westward,  but  having  a  xivrp 
escarpment  c>n  the  eastern  face,  with  recesses  in  which  eastcrl)' 
flowing  sueuns  were  eatabU^ied.  At  Ihe  same  time  westward!}- 
fioi«'ing  streams  formed  on  the  gently  slciping  ^'iimmil  level.  The 
eastern  streams,  especially  ihe  Kaaiers  Kill  and  Plaatcrs  Kill,  have 
a  steep  dcM«nt  and  Hwift  flow  and  ha\«  lhu«  been  able  to  extend 
tbeit  beads  rapidly  and  to  capture  and  di^Tfl  many  tributaries  of 
SchoharieCreek,  which  runs  westward.  The%  captured  irihutaHe* 
keep  their  original  course  in  the  direction  of  Schoharie  Creek,  but 
moke  sharp  turns  and  reverses  to  join  the  capturing  .-itreams.  The 
Vello»-N.ti>ne  Lake  onoe  dbcharged  sou th went w:ird  into  ihc  Snake 
River.  The  Ydlowsionc  River  was  then  a  small  stream,  but  was 
favcnirably  situated  for  establishing  a  stetrp  gradient  a»  it  flowed 
over  a  plateau  of  comparali^rly  soft  lava.  Kxicnding  upward,  the 
stream  lapped  the  lake  and  reversed  the  direction  of  its  dbicharge. 
Another  metluvl  of  stream  cajiliirc  is  well  illustrated  by  the 
Delaware,  the  Potomac,  and  other  transverse  rivers  which  have 
cut  deep  gorges  through  ilie  .^iipalachian  ridges.  Sup]«»e  two 
parallel  transverse  streams  (lowing  acros^  a  gently  sloping  pene- 
plain which  is  cumpu.-<ed  of  tilled  rocks  of  dilTerent  degrees  of 
hardness.  In  the  manner  alrciuiy  ex])laincd  (p.  482)  thcM  streams 
init  gorges  through  Ihe  ridges  of  hard  rock,  while  longitudinal  val- 
leys are  worn  out  along  the  strike  of  willt-r  Ktraia,  which  vallej^  are 
occupied  by  tritHitarics  of  the  transverse  streams.  If  one  of  Ihc 
two  tnuisrcr>«  »iream%  J>e  cimsidcrably  larger  than  the  other,  it  will 
saw  its  way  through  the  hard  ridges  at  a  correspondingly  faster  rale 
an<l  e^ahlish  a  lower  haw-level  for  its  tributaries.  One  of  the 
tributaries  with  its  ntorc  rapid  (all  will  be  thus  enabled  to  shift  its 
dii-ide  at  the  eiqwnsc  of  a  braiM'h  of  the  rival  transverse  stream, 
capture  it,  an<l  by  rci'crsing  the  direction  of  its  flow  draw  off  the 
waters  of  the  smaller  main  j^tream  above  the  point  where  its  cap- 
tured tributary  entered  H.  Or  a  tributary  of  the  larger  main 
stream  may  push  its  way  up  a  longitudinal  valley  until  it  taps  and 
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diverts  ihc  smaller  iransverse  stream  wttbaui  the  intenncdiatii 
of  any  iributar)-  of  Ihr  latter.  [^\umplrs  of  both  of  thcw  varteiies 
of  (-Jtgiture  may  i>e  found  among  the  Appalachian  ri\-ers;  an  ex- 
cellent illustrution  of  ihe  lutier  meihiKl  is  given  by  the  I\>Ioin»c 
and  Shenandoah. 

W'licn  the  Potomac  «a.»  Ixgitining  In  ml  il.*  gap  through  the 
Blue  Ridge  at  Harper's  Ferry,  a  smaller  stream,  Bcaverdam 
Creek,  wiLt  lulling  a  iiiinilar  gorge  through  the  same  ridge  a  feu 
miles  to  the  south.  The  Sheniimhah  was  then  a  young  and  short 
tributary  of  Ihe  Poiomac,  which  it  cnlcred  from  the  aoutb,  A«U'tiig 
through  the  longitudinal  valley  which  was  ojwning  along  the 
strike  [>f  tlie  M>ficr  nirata  to  the  wsi  of  ihe  Blue  Ridge.  An  the 
Potom^ic  is  much  larger  than  Bcavcrdam  Creek,  it  cut  its  gap 
much  more  rapidly,  thu.<i  giving  a  sleep  and  swift  course  lo  the 
Shenandoah.  The  Litter  pushed  it.<  way  up  ihe  longiludinil 
valley  until  it  tapped  Bcavcrdam  Creek  and  captured  it*  upper 
course,  diverting  its  ivaten  lo  the  Potomac.  Bcavcrdam  Creek 
no  longer  llowcd  through  the  gorge  which  it  had  cut  in  Ihe  Blue 
Ridge  and  which  was*  thus  abandoned  and  became  a  "  wind-gap." 
the  beheaded  Reavcnlam  now  rising  to  the  eastward  of  the 
abandoned  gorge.  This  gorge  is  known  as  Snickers  Oap.  The 
great  numl^ier  of  windgaju  in  the  .Apjialuchian  ridges  show  how 
frequently  the  capture  and  divertiion  of  smaller  streams  by  larger 
unct  ha.4  been  accomplished  among  tlioM-  mnuniains. 

f-lgures  348  iind  34(1  show  two  stages  in  the  evolution  of  a  river 
syslent.  Figure  348  represents  the  tint  Mage,  in  which  sevcril 
Iransversc  streams,  a,  c,  e,  f.  g,  are  breaching  Ihe  escarpment* 
indicated  by  shaded  lines.  Of  tliesc  sireams,  *■  carries  the  maA 
water,  and  will  therefore  dcc[x-n  its  gorges  through  the  bani 
ridges  more  rapidly  than  the  others,  and  give  its  tributaries  the 
advantage  of  a  greater  fiUl.  In  llie  second  stage  (l-ig.  949),  c  his 
captured  the  upj»er  courses  of  all  the  other  streams  e«vpl  g, 
whii-h  ha>  not  yvl  Ireen  reached.  The  branch  /  has  captured  *, 
beheading  it,  diverting  the  |)onion  0"  and  rnvrsiiig  the  pnnlon  «*■ 
Similarly,  m  has  captured  and  divided  e,  n  has  done  the  saiM 
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with  b,  »mi  p  wiih  il,  wliile  g  musi  tveniually  siilTcr  the  same 
fate.  Wind-gaps  will  be  left  in  the  ridges  where  the  caplured 
sUratns  once  croK-Ncd  them. 

la  rcpons  of  folded  rocks  thrown  into  a  series  of  parallel 
;mtidine>  and  sfncliiics  the  process  of  adjuslnieni  may  Ixxumo 
exceedingly  complic.ittil.  Sup|Kisc  an  original  consequent  stream 
dcnving  in  a  synclinc  of  hard  rock  considerably  above  base-level, 
whose  »ubsec[uenl  branche-s  have  ojwncd  out  valleys  in  softer 
locks  along  the  crests  of  the  anticlines^  where  the  harder  surface 


FlQ.  •48. —  EiolultoD  of  ■  river  syilFm. 
fini  Mi£V-  T^c  vluflcil  tinct  rr|>rr>- 
WW  cuatpmaits  of  hard  rock.  |Di- 
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Flu.  a|i).  —  braluIMn  of  a  rWei  iqr*. 


stratum  is  first  cut  through.  The  extension  and  junction  of  these 
nibM:qiient  liranchcs  may  oiler  a  more  advantageous  course 
than  Ibc  hard  sj-nclinc,  and  cause  the  latter  lo  be  wholly  or 
partially  deserted.  The  streams  originally  llnwing  in  the  synclinal 
troughs  may  gradually  be  shifted  to  the  degraded  anticlines  H-hicb> 
as  we  have  seen,  are  wa.4ted  away  more  rapidly  and  this  irans> 
fer  b  facilitated  by  the  fact  that  ihe  :^vnclin<il  troughs  ha^-e  \Try 
gentle  slopes  longitudinally,  giving  hut  small  \-clocity  to  the  rivcQ.' 
which  flow  in  them. 


ADJUSrrUENT  OF  RH'ERS 

A  ihorouglily  mature  drainage  ^yvtcm  is  dianclerued  by  a 
complete  adjustment  of  its  slreams  to  the  stntirture  of  tbe  rods. 
The  rivers  as  finally  ei^Iabli-^lied  are  thus  apt  li>  be  a  [wtchtrork 
of  streams  ca]>(un:<l  and  <ti\-cr<cd,  and  the  result  of  adjusuneat 
is  tbe  production  of  a  system  often  ndicaQy  different  trnm  ifae 
crigjiul  one.  Even  after  a  river  system  has  become  maturely 
adjusted,  a  i«£levatioD  of  the  country  may  produce  a  new  and 
entirely  different  adju»tment,  by  changing;  the  rrlation  of  the 
folds  and  outcrops  of  hard  ami  soft  strata  to  the  base-level  A 
region  of  great  antiquity  wbtch  has  repeatedly  been  u-om  domt 
and  rn^lcvaled  vrill  have  experienced  many  rerolutions  of  to 
draiiiaf^e  systems. 

Waq)ing  of  iIk  surface  nearly  alw-ays  pmduces  extengvc 
changes  in  ihc  drainage  systems  aifccted  by  diverting  the  cotnsc 
of  many  streams,  though  the  master  stiram.f  may  exca^'aic  with 
sufficient  rapidity  to  bold  their  channels  as  antecedent  timt- 
As  will  be  .sboivn  in  a  Nubwequeni  chapter,  the  ApiialachiaD 
Mountains  had,  by  Ihc  close  of  the  Cretaceous  ixriod,  been  won 
away  to  a  peneplain,  acroits  which  the  Delaware,  SusquebaBoai 
and  fotomac  flowrd  in  transverse  valleys  to  the  Atlantic,  while 
the  Xcw  River  in  \'ir}[inia  and  ibe  French  Broad  in  North  Caroliw 
flowed  wcstwani  to  the  MissisNppi.  Tbe  siuilhem  (wrt  of  the 
peneplain  was  drained  by  a  longitudinal  river  called  the  Ap- 
pabchian  River,  and  smaller  streams  running  westward  and 
southwcstward  to  an  extension  of  ibe  Gulf  of  Mexico  drained 
the  Miuthwi-Hteni  ^ide  of  the  peneplain.  Next  followed  an  0[^ 
warping  of  the  pcneji^ain  along  a  n<irlti-Kiuih  axis,  through  wMcb 
tbe  northern  rivers  continued  in  their  old  courses,  but  otic  of  tbe 
southwestern  streams  extended  lieadwanl  and  laplured  the  bead' 
waters  of  the  Appalachian  Ri\-er.  Still  another  upwarp  sot- 
occdcd,  this  time  on  an  axi«  running  nearly  east  and  we»t  through 
Dorthem  Alabama  and  Mississippi,  in  conseqtieoce  of  which 
a  lril(Ular>-  tif  lite  Ohio  extended  ilM^lf  southward  and  captured 
the  southwestern  stream  which  had  before  beheaded  tbe  Ap- 
jiiliiiin  River,    Thus  arose  the  Tennessee,  which  enters  the 
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Ohio  after  such  a  curious  course  and  trhich  h  made  up  of  parts 
of  three  originidty  iiule pendent  ri^^-r  sysicm.-*,  and  in  its  changes 
records  iIk  history  of  (he  rc^on  through  w-hich  it  Bov%, 

Accidents  to  Rlvtrs.  — This  term  h  employed  to  express  the 
iDterruplioos  which  hiixlcr  or  prevent  Ihc  normal  development  of 
a  river  system.  The  diaslrophic  changes  and  their  effects  we  haw 
afready  considcicd,  but  then;  arc  uthers  which  »h»uld  Ik  men- 
ijoned.  A  change  of  climate  from  moist  to  arid  greatly  interferes 
with  the  (tcwlupment  and  adjustment  of  a  river  system.  Many 
stream  chanineU  ate  abandoned  and  others  arc  occupied  only  after 
rains,  while  the  reduced  flow  in  the  permanent  streams  diminislies 
their  eroriivc  powers.  Large  areas,  like  the  Great  Basin  rrgi<in, 
may  have  no  outlet  to  the  sea,  because  the  muuntain  streams  all 
lose  themselves  in  the  desert  sand&.  Lake  Uonncvtllc  (aec  p.  119) 
had  an  outlet  until  the  increasing  dryness  of  the  climate  so  lowered 
its  waters  thai  the  outlet  could  no  longer  be  reached,  evaporation 
exceeding  influx.  Great  lava  6ows  may  obliterate  the  drainage 
system  of  a  re^>n  and  comjwl  the  (^!alili*hmrnt  of  an  entirely 
oew  oae,  as  has  happened  in  southern  Idaho  and  souiheastent 
Oregon,  a  regjoo  d  exceedingly  immature  topography  and  drain- 
age, extensive  icc-shcets,  by  spreading  a  thick  mantle  of  drift 
wbicli  fills  up  l)ie  valleys,  may  produce  the  same  efEects  as  bva 
flows,  cxcqit  that  the  drift  is  more  easily  removed.  In  the  nonh- 
ea.«tem  United  Stales  many  streams  have  been  displaced  by  the 
sheets  of  glacial  drift,  and  forced  to  neek  new  channels  at  a  com- 
liarativcly  recent  date;  they  still  preserve  all  the  signs  of  youth, 
such  as  deep,  trench-like  gorges  (see  Fig.  5S),  u-aterfalls,  and 
npids.  The  larger  rivers  have,  for  the  most  part,  been  able  to 
reoccupy  their  old  valleys,  but  (he  smaller  streams  have  generally 
beeo  com[^lcd  to  excavate  new  cliaimels. 
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Thr  sea-coaftl  {.<  not  menW  a  line,  but  a  tone  of  varying  brradd 
sloping  {uHAid  ihc  sea,  ;Lnd  wiih  a  suba^al  and  a  i^ubmarine 
portion.  The  submarine  [>oniun  of  the  coa*t  fnr(|ucniljr  ton- 
tiniics  (he  stupe  of  Ihc  !^ubai'ri<il  [mrlion,  with  an  inicrrupiion 
formed  l>y  \\k  actual  l>each,  upon  whicli  the  surf  breaks.  On 
flat,  gently  sloping  owuits,  the  l)cach  is  gi-nerally  bnwd,  csped.ilty 
if  the  range  of  tbc  tides  h  grcai,  and  a  beach  wall  is  pre^al 
(to:  p.  34;).  fri-<jU(nitt_v  with  a  Ml  <>(  .siind-<lune»  hcliind  it,  wUle 
on  sleep,  rocky  coasts  the  beach  is  narrow  and  may  occasJonaSf 
be  alnent  altngeiher. 

The  coasts  of  the  different  parts  of  the  world  display  a  gKal 
vanViy  of  form  and  structure,  but  they  may  all  be  in<'luded  in 
H  sm^ill  nuRilwr  of  classes.  .\n  obvious  primar)-  divisiMi  is  LntA 
(i)  regular,  (1)  irregular,  and  (3)  lobate  coastlines. 

I.  Regubu-  Coasts  conliniic  "for  great  distances  wilbcitN 
notable  indciilations  and.  for  the  most  part,  in  gentle  cun'C*, 
convex  toward  the  land,  which  are  conne^rted  by  ^ll^^'cd  line 
or  meet  at  obtuse  angles.  .  .  .  The  finller  the  coast,  the  more 
peffectly  Is  thitt  tyj>c  ilevelufwl,  and  the  coast-line  runs  for  manv 
kilometers  in  the  same  cur\-e.  With  a  steep  slope  Ihc  count 
is  regular  only  in  general;  in  detail  it  seems  as  t)>ough  drawn 
by  a  trembling  hiuid,  with  numerous  little  prominences,  whicb 
project  but  a  few  hundred  metres  beyond  the  general  coast-line 
and  separated  from  one  another  by  «haltiiw,  cur\-«d  indcntaliODS." 
(I'cnck.)  KIai  coasts  in  most  cases  border  coastal  plains  and  ait 
very  generally  regular,  while  the  re^lar  steep  coasts  are  marked 
^tgr  lines  of  cliff,  which  abruptly  break  the  slope  of  the  land  toward 

491 


jr         ^  lines 

Ml 


RGGUIAR  COASTS 


493 


Ibesea.  Ccrteun  rcgubr  coasts Uke  thai  nfciittrrnNonh  America, 
for  example,  ftre  unUormty  fiat  or  sleep  for  long  dUtanccs,  others 
are  alternately  flat  and  steep,  an<]  are  then  said  tu  be  adjusttd. 
Regular  coasts  bav-c  (cw  t-tands. 

OxL-ital  plains  are  absent  from  desert  reg^ans  and  are  buill  up 
\i/if  the  actinty  of  rivers;  they  may  be  coalesced  deltas,  or  of 
iiitural  orif^n,  or  submarine  with  tbe  river  ■wdimenfc'  dislrilniied 
along  ll»c  shore  by  currents;  siibsequcnt  devuiiun  has  converted 
tbe  sea-bottom  into  land.  The  lon}i:cst  known  coastal  plain, 
thai  at  the  middle  and  smilh  Allaiitii-  Suues  is  chietly  of  this 
submarine  origin.  Other  coastal  plains,  like  that  of  Holland, 
are  of  mined  orij^,  suba£ria],  litlora]  and  marine  deposits  oc- 
cturing  near  and  u|>on  one  another.  L>iai.tmphic  movements 
have  but  litUe  effect  in  changing  the  character  of  a  rej^lar  coast 
bordering  a  (-<i.i.stal  |ilain;  elevation  merely  makes  a  new  c(»ast- 
line  along  what  was  before  the  flat  sea-bottom,  and  deprewion 
causes  tbe  s«i  to  advance  <>%'er  the  vrry  geiilly  sloping  plain, 
in  either  case  without  cbanfpng  the  regularity  of  the  coast. 

Along  the  steep,  regular  coasts  the  line  of  cliffs,  though  [lursuing 
a  very  uniform  course,  is  broken  by  small  bays,  giving  a  serrate 
coast-line,  II  is  on  such  coasts  that  the  destructive  work  of  the 
waves  Ls  most  advantageously  seen  (Hgs.  7-1-77.  Pp-  168-171); 
Eca-oires,  isolated  pillars  and  stacks,  and  tines  of  rocky  ledges 
and  shoals  abound.  'I'he  submarine  part  of  the  sl<>|ie  is  usually 
gentler  tliaii  ihe  suba&ial,  and  descends  gradually  to  depths  of 
ten  lo  twenty  fathoms.  Atjove  water  the  height  of  the  sca-cUH 
is  moderate,  seldum  more  (ban  300-400  (cct  and,  convqucntly, 
this  kind  of  coast  is  most  ty[>icidly  develojied  in  rather  low  lands, 
mountainoUR  coasts  giving  rfc*  to  other  forms.  The  line  of  di(Ts 
intersects  hill  ami  valley  and  interrupts  ll»e  system  of  connected 
valleys,  making  it  evident  that  land  has  been  Inst  along  that  line. 
Stich  a  coaxi  is  obviou.tly  the  work  of  waxe  destruction.  The 
serrations  are  d\ic  to  differences  in  the  hartlness  of  tbe  rocks, 
llie  softer  rocks  being  cut  into  ba>'s  and  the  more  resistant  ones 
standing  out  as  headlamps.    The  bays,  however,  remain  small. 
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bcnuisc  in  ihctn  Ibc  |M>wrr  c4  the  wares  is  ditninishcd,  and  aooa 
«  point  is  reached  wfaerc  no  funiicr  retreat  of  tbc  Uad  is  pm;>iblc 
until  ilie  beadlandi  have  been  cut  back. 

In  brief,  tbc  low-lying  flat  co&sts  which  harder  coastal  plains 
are  areas  <A  accumulalioa,  where  the  land  in  still,  or  has  lately 
been,  gaining  at  the  expense  of  ihc  srii,  while  sleep,  rocky  coasts, 
bordered  by  linu  of  cliff,  are  arca&  along  which  ibe  ftea  tc  eating 
away  the  land. 

Diastrophic  movements  hare  a  much  greater  power  in  chanp'og 
the  tharattcr  <rf  the  rliff  coasts  ihan  of  those  which  arc  Um- 
lying  and  flat.  If  tbc  land  is  sinking,  its  yallcys  becMne  sub- 
merged and  convened  into  bays,  thus  furmlng  an  irreguliir  ccaii- 
line,  while,  if  the  land  i^  rising,  the  wave-cut  platform  forms  a 
plain  at  the  foot  of  the  cliffs,  which  are  now  inland  and  beyond 
the  reach  of  the  surf.  Only  in  llic  very  rare  instances  of  tie 
cutting  acticm  of  the  sea  keeping  exact  pace  witb  the  movement 
of  elevation  or  deiwerwiioti,  will  the  sleep  and  regular  charatltr 
of  the  coast  be  maintained.  Hence,  such  coasts  are  restricted 
to  rei^ons  which  are  stationary  or  in  extremely  slow  movemcnl.- 

Ocographical  cycles  are  seldom  so  clearly  di^ltnguishaUc  along 
the  sea-coa.-it  as  in  the  interior  of  the  continenLs,  chiefly  becattf 
coast  topography  is  delcrniincii  more  by  cliaslrophic  movemenU 
than  by  marine  erosion,  which  works  very  slowly  on  account  d 
its  limilcd  sphere  of  action.  Sul>aErial  denudation  also,  as  will 
be  shown  in  the  sequel,  is  an  extremely  important  factor  in  con- 
trolling (he  character  of  the  coast.  XevertheleMt,  indicaliou 
of  the  cycle  may  not  infrequently  be  found.  .\  newly  upheand 
coast  tends  to  !>e  rcrgutar  and  straight,  because  tbc  Nea-lxittoit 
is  nearly  flat  and,  when  elevated,  the  sea-level  marks  a  straij^ 
line  upon  it.  As  is  true  of  (he  subaCrial  agencies,  the  first  effect 
of  wave  erosion  is  lo  [itoiIul'c  im;guluritie.«,  cuditig  out  b«ys  alcttg 
the  softer  rocks  and  leaving  the  more  resistant  ones  to  stand  out 
nn  headlands.  But,  as  already  explained,  the  depth  to  which 
these  bays  can  ini-ade  the  land  is  \'ery  limited,  since  in  thrin 
power  of  the  waves  is  greatly  reduced,  and  hence  the  surl 
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U  unable  lo  produce  an  irregular  ciokI  in  the  full  tiense  uf  ihal 
term.  However,  s.uch  a  caa:il  may  be  formed  by  the  combined 
work  of  the  surf  and  «f  depression  uiM)n  a  land  of  ilrong  relief. 
The  subraerRcd  valleys  of  suba^rial  origin  become  bays  and 
»ttuiric«  ihai  run  far  into  ttic  land,  tike  Delaware  and  Cbesa- 
peakc  Baj-s,  and  ibc  coast-line  becomes  highly  irregular. 

In  either  case,  whether  the  ErregularttieA  arc  relatively  insig- 
ni&cant  and  formed  by  surf  crodon,  or  of  great  prominence  and 
due  to  deprewion,  the  tcndemy  of  marine  aclion  h  to  Mraightcii 
the  coast-line  and  remove  the  irregularities  and  thus  In  [itikIucc 
an  adjuiltd  coast.  Tlii»  adjustment  U  brought  about  by  the 
combined  work  of  enwion  an<I  deposition.  Tl)c  bays  arc  place* 
of  sedimentary  accumulation,  eaj)ecially  if  rivers  enter  them; 
the  mouth  «(  ihc  bay  i*  first  piulially  or  complclcly  clowd  by 
a  barrier  deposited  by  the  shore-current,  behind  which  the  lagoon 
it  slie<l  up  and  converted  into  a  manh  and  evcTiiually  into  a 
plain.  Meantime  the  headlands  arc  slowly  worn  back,  until  the 
|xrwer  of  the  waves  i*  insufTK-ient  lo  cut  ihcin  further,  Prorided 
tbc  cna^l  remains  stationary  for  a  long  period,  adjustment  follows, 
and  the  ancient  coast  becomes  regular,  as  ihe  youthful  one  was, 
but  wtlb  ailifference  of  structure,  for  the  adjusted  coast  is  ma<k' 
Up  of  bold,  truncated  headlands,  alternating  with  low-lying 
l^ains  and  mar^he^.  The  Italian  coast,  with  its  broad,  gently 
curving  gulfs,  is  an  example  of  an  adjusted  coast,  and  in  the 
province  of  Tuscany  these  changes  have  largely  taken  place 
Mrithin  historic  limes:  "The  bays  of  IHombino  and  Grosscto 
Wen  cut  off  from  the  sea  by  bars,  the  lagoons  thus  formed  were 
transformed  into  nwamp.  the  dre.idcd  maremmas,  which  in  ilieir 
turn  were  tilled  in.  'I'hc  former  island  of  Monte  Argentario 
%U  connected  nilh  tlie  mainland  by  two  bars."    (IVnck.) 

3.  ImguUr  Coasts  display  a  great  variety  of  forms  due  to  the 
■Banner  of  their  orijon,  and  several  subdivisions  are  employed 
Id  express  this  diversity  of  origin.  All  the  forms,  howci'er,  have 
this  in  common,  that  they  are  produced  by  the  depres^on  and 
submergence  of  land -.surfaces,  and  it  is  ilie  variety  of  llie  latter 
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which  causes  the  manifold  dilTereiu-n  nf  the  irregular  coaAs 
On  such  coasts  the  numerous  ba)-s  pcncuatc  far  inio  the  laad, 
•ometimes  diminUhlng  rc^ulariy  in  width,  but  frrqucntljr  vi 
TOfying  width,  now  expanding  into  lake-like  fomi,  now  con- 
tracting to  a  strait,  often  winding  and  even  branching,  and  alway^i 
«nding  in  a  lan<l  vallc)'.  Islands  are  numerous  and  arc  in  tinr 
K-ith  the  land  between  the  bays.  The  land  may  be  high  or  Ion. 
gently  or  »1eqily  »l<){>ing,  and  the  suhaerial  dufx;  is  continiwd 
bcncaih  the  nait-r  without  change,  until  the  flat  scB-boliam  k 
reached.  Tlic  type  of  an  irregular  toa.%t  U  given  \>y  its  b»>*s, 
which  vary  from  short,  funnel-shspcd  indenutions,  to  locig, 
narrow,  winding,  and  branching  channels.  The  wb<)iviuoe$ 
of  the  class  ore  made  in  accordance  with  these  variations. 

a.  Fjord  Coasts  arc  found  in  the  high  latitudes  of  both  hem!' 
spheres  and  in  ivgions  which  have  nndergnne  intense  glacialiui^ 
in  the  northern  hetnisphen;  they  are  limited  by  the  49tb  paraOtl. 
and  in  the  southern  hemisphere  by  tlie  41*1.  Alaska,  Brili»li 
Columbia,  Greenland,  Scotland,  Norway,  the  9<ni|liem  eod  ''i 
South  Ameri<'a,  and  New  Zealand,  are  typical  eximples  of  f^l 
coasts.  The  fjords  arc  long,  narrow,  frequently  branched,  mk! 
usually  very  deep;  the  bottom  is  divided  into  several  basins  and 
the  fjords  arc  generally  much  deq'cr  in  the  midd]<-i>f  tlieircoutjc 
than  at  the  seaward  end,  though  sometimes  ihey  are  cootiiwtd 
acroN*  the  ^a-I)(K>r  a.t  Aubmarine  valleys.  The  ridges  u(  laiKl 
which  Efparatc  adjoining  fjords  are  frequently  notched  by  lO" 
paiw«cs,  which  seaward  become  straits,  connecting  the  fjorth 
and  cutting  up  the  ridges  into  islands,  which  are  always  WJ 
numeriiUH  along  coasts  of  this  class.  The  famous  "  inside  pJ-v 
Kogc  "  from  Puget  Sound  In  Sitka.  Alaska,  is  a  network  of  dec? 
waterways  among  countless  islands. 

Fjords  are  not  confined  in  any  particular  type  of  land  tojiogrJ- 
phy,  nor  to  any  single  kind  of  structure.  In  Norway,  wesJcn 
Nialli  America  and  southern  Chili,  they  pierce  lofty,  mountaincus 
coasts;  in  Scotland  the  coasts  are  of  low  mountains,  while  in 
southern  Sweden  and   Finland  the  fjord  coasts  an  flat.     Siou- 
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larly.  ihcy  occur  on  cAa&u  witere  the  Unt»  aro  determined  i>y 
giTHil  f^ult-K^jLTiK,  Of,  ncll  3!^  (jn  thtffie  where  the  conlml  is  due 
to  folding.  The  one  indispensable  condition  is  former  or 
present  gladnlian,  and  In  Norway,  Greenland,  and  Alaska 
tlic  landward  extensions  of  many  fjords  arc  still  occupied  by 
gladers. 

Fjords  «rc  clearly  ^actalcd  valleys;   whether  they  have   been 
mereiy  remodelled  by  f;)'^i^'^i  ^^  M'hclher  they  are  entirely  due 
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to  facial  excavatttm,  lliey  bear  all  the  characteristic  mark<i  of 
ice-action,  as  these  have  been  elsewhere  enumerated  (>ee  p.  i6a). 
Gloiden  have  tl»e  jKiwcr  of  oYenkepcning  tlieir  valleys  and  of 
excavating  them  below  sca-Wel,  but  it  is  not  yti  definitely  known 

.At  all   ei'ents, 
being  much  de- 
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pressed  and  inx-n<1cd  b]r  the  sea,  and  thus  a  fjord  coast  results 
from  (he  partial  .lubmer^nce  of  a  ji'lucially  modelled  n-giNii. 
The  ^fvM  dcfiihs  of  ihc  fjords  and  ihcir  frwdom  from  sedimentary 
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siL4  are  explained  by  the  fact  (hat  at  tJie  time  »(  tlicir  sub- 
mcr^noc  these  valleys  were  occupied  by  the  kc.  which  thus  pre- 
vented the  accuinulalion  of  sodiments.  Had  rivier>  lieen  flowing 
in  ibcm  when  the  depression  occurred,  Ihcir  mouths  would  first 
have  bccQ  dro^vtJcd,  checking  the  curreot  and  causing  »  dcpwi- 
tion  ptvpartionute  to  the  loud.  This  has  happened  in  (he  case 
of  ihc  Hudson  River,  which  is  a  drowned  cafion  of  great  de[>th 
in  which  are  accumulated  immense  thicknesses  of  river  mud,  ewn 
abore  the  Highlands.  That  a  fjord  coast  is  due  to  dcpores^on  is 
not  conlradicled  by  the  fact  that  niuny  im<  h  coast;  nn  now  ris- 
ing, like  that  of  Scandinana:  the  elevation  is  still  far  from  eom- 
pensatin^  for  the  deprRuioii. 

b.  Rias  Coiuij.  — This  term  is  derived  from  northwcsieni 
Spain,  where  the  Ria  <5c  ViRo,  de  la  Corufla,  del  Ferrol,  and  wveral 
others,  Utaa  hung,  fjord-like  bays,  though  branching  little,  which 
e:(lcnd  far  into  the  land.  <roasU  of  this  type  have  frequently 
been  regarded  as  fjord  coasts,  but  there  are  essential  differences; 
the  bays  arc  shorter,  more  funnel-shaped,  broadening  and  dcejicn- 
tng  seaward,  and  are  not  nearly  so  deep  a.H  fjoT<U.  The  excava- 
tion was  not  glacial,  and  hence  the  rias  arc  not  conRned  to  high 
Ulitudes,  but  occur  abuntUntly  in  ihe  temperate  and  tropical 
regioDS,  as  in  Brittany,  Cornwall,  lrelan<l,  the  cast  i^horc  of  (he 
Adriatic,  Brazil,  southern  China,  and  eastern  Australia. 

Rias  coasts  are  most  frrciuent  at  ihe  margin  of  tow  mountains 

and  lands  of  moderate  height,  but  they  may  occur  along  areas 

of  any  elevation.    Nor  are  they  associated  with  any  special  type 

of  geological  structure;    in  Spain,  Briitany,  Cornwall,  and  other 

R^ons  tlie  rock   is  a  granite   without   recognizable  structure. 

In  other  instances,  structure  has  exerted  an  endcnl  control,  as 

in  the  «outhwest  of  Ireland,  where  the  ba)-s  follow  the  strike  of 

the  rocks  and  thus  occupy  longitudinal  valleys,  which  are  cut  out 

Bong  the  soft  »and.-<tone&,  while  the  inten'cning  ridges  are  made 

^b  of  more  resistant  limestones.     In  siill  other  ca-ies  the  rias 

Ke  found  in  valleys  of  folding,  where   Ihe  coa&t-line  inlcts«:(s 

Be  tine  of  Mrike.    An  unusual  caw  b  the  Bay  of  San  Francisco, 
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cb  b  T-!ihaped  and  &lts  a  lon^tudjnal  strike-valley  parallel 
iho  coast,  with  a  Iransvente  rtxinection  with  the  Pacific  by  nay 
<rf  the  Golden  Gate. 

TTk  miMle  of  iwigin  of  rias  coasts  is  by  the  dcpmsjoo  and 
partial  submergence  o(  short  slopes  cut  by  deep  valleys  of  Mib- 
aCrial  origin,  whether  cxcairaied  by  rivers  (ir  formed  by  tecloDk 
processeii.  The  rivers  were  short  and  carried  no  great  load  of 
wdiment,  hentv  the  bay«  wen  not  filled  up  with  xill  and  mud 
during  the  <Jow  submergence.  In  some  examples,  as  in  those  o( 
Briiiitny,  itic  vulluyN  are  continued  for  some  distance  across  the 
sea-6oor,  a  circumstance  which  in  itwlf  is  nn  evidence  of  de- 
pression. Tbe  characteristic  difference  between  fjord  and  riu 
coasts  is  that  the  fi>rnier  are  due  to  gl:ici:ition  and  the  latter  aie 
not. 

f.  Caltix  Coasts  are  iy[iically  di>played  in  llie  Balearic  iBlamb 
and  arc  marked  by  numerous  short,  semicircular,  and  rathw 
shallow  iKiys,  separated  by  narrow  penin.-<ulas.  On  the  coa.<is 
of  the  Red  Sea  the  bays  have  a  more  or  less  rectangular  outline 
not  narrowing  inland.  Obviously,  coasts  of  this  cl8s.s  differ  boi 
little  from  the  serrate  regular  coasts  into  which  tbcy  grade;  their 
mode  of  uri;^n,  however,  renders  it  important  to  make  the 
distinction.  Calas  coasts  owe  their  irrrguhiritivs  not  to  waw 
ero-iion,  but  to  the  submergence  of  land  valleys;  those  of  the 
typical  kind  are  due  to  the  dcjircssion  uf  mountain  slopes,  fur- 
rowed by  numerous  short  rarines.  Tbe  coasts  of  the  Red  Sea 
type  arise  on  the  dcgnest^on  of  desert  mountains,  in  which  vallc)^ 
are  few  and  small. 

The  irregular  coasts  are  thus  in  all  cases  doc  to  the  submergence 
of  land,  and  their  chafatleri-'vti<'  features  are  lo  be  explained  by 
the  differences  of  the  land-surfaces  before  submergence,  which  ^^ 
turn  arc  determined  ekie/Sy  by  Ihe  subairial  agents. 

While  the  cla.s»ificalion  of  coastal  formti  Mrve»  a  useful  | 
it  must  not  be  supposed  that  it  is  always  easy  to  refer  a  given  coasi 
definite  type.     In  travelling  along  a  coa^t,  one  tj-pe  is  fiv- 
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rfucnlly  fiiund  (0  rhangr  an<I  give  way  to  anniher,  »  in  ea.<ttem 
North  America,  for  cxain{>Ic.  This  entire  coasl  has  rccftilly  Iwen 
depressed,  and  from  the  end  of  Florida  to  45^  N.  lal.  the  sub- 
sidence is  siill  in  progress,  but  the  effects  of  the  sulimergcHce  are 
very  difTerent  in  aarordance  with  the  former  Und-surfaccs.  The 
depressed  margin  of  the  coastal  pinin  is  a  regular  cousl,  with  veiy 
few  uLands,  while  Ihal  of  Maine,  Nova  Scoiia.  and  New  Brunswick 
is  highly  inrgular  and  has  numerous  rocky  islands,  while  the 
Hudson  River,  Delaware  and  Chesapeake  Bays  are  drowned 
valleys.  Between  the  two  lyfies  the  transition  is  gradual.  Here 
OIK  kind  of  coast  succeeds  another,  but  two  or  more  may  occur 
together;  cala«  arc  frequent  on  rias  coasts,  and  rins  ore  found 
among  fjords.  In  such  cases  the  general  character  of  the  coast 
determines  its  reference. 

y  Lobate  Coasts,  —  In  the  preceding  classes  of  irregular  coai^ts 
Ihc  l«ys  arc.  aflur  all,  of  comparatiiTly  smsilt  dimersions.  and  the 
general  trend  of  the  coast  is  not  greaily  aiiccicd  by  tlicm,  but  there 
arc  oihcr  coasts,  where  the  land  is  invaded  by  wry  broad,  deep 
gulfs,  which  are  not  mere  indentations,  and  the  interlocking  gulfs 
and  iivninsulas  are  of  the  same  order  of  magnitu^lc.  Greece  is 
a  typical  instance  of  the  lobate  coast,  and  the  islands  of  Celebes 
Japan,  and  Haiti  are  other  cxami>lcs  of  the  same  lyi)c.  The  ori^n 
of  the  gu]fs>  which  arc  usually  very  deep,  is  probably  to  be  ascribed 
to  faulting. 

IVofessor  Tcnck  has  calculated  that,  in  round  numbers,  37^ 
of  the  sea-coasts  of  the  earth  belong  lo  one  or  other  of  the  irregular 
types;  and  of  this  amount  nearly  one-third  is  of  the  fjord  coast  class 
and  rather  less  than  half  of  the  rias  coast  class.  Of  the  continental 
coasts  43  %  are  regular,  and  two-thirds  of  these  are  low,  flat  coasts, 
and  nearly  one-third  adjusted.  As  the  ttat  coasts  are  due  to  accU' 
mulatioa  and  many  of  them  to  upheaval,  but  a  small  amount  re- 
main''  as  directly  fumicd  by  waw  eR>sion.  From  these  figures  it 
apfiears  thai  diastroi^iism  is  of  more  importance  than  marine 
denudation  in  determining  the  character  of  the  coa&t-lines. 
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Rektloos  of  Sea-co«sls  to  Stmcton.  —  As  has  been  npcstedtj 
iiKniiiincd  in  ilic  furrgHing  |iurugrapli$,  the  deiaiU  ol  cuustal 
topography  often  show  do  olnious  iclationG  to  the  geological 
slructurc  <A  ihc  rocks.  On  a  grand  wale,  ho«icver,  the  iweiiion 
and  trmd  of  coasl-lines  arc  cootroiicd  by  Icctonic  features,  an>i 
ff«<]ucntlf  the  details  arc  ^milarly  ddermined.  Many  coasU  arc 
due  to  great  systems  of  faults,  which  may,  as  in  the  Atlantic  shorc» 
of  EurojM;,  intenvi't  ihe  [irevailinji;  lines  of  strike,  or  may  tun 
ai^roxitnatcly  parallel  vnth  those  lines,  as  in  eastern  Asia,  where 
a  *erie»  of  tilic<l  fault-blocks  fonn  ilie  plain».  llie  cua>l-line»,  and 
tl>c  lines  of  fringing  islands.  Other  coasts  ore  anrKtdcnt  with 
h>ng  lines  of  folding,  as  i*.  illustrated  by  Ihe  entire  west  coast  oi 
North  and  South  Amcri<*a,  (he  foreland  of  ihe  giral  mouatain 
chains  t>eing  more  or  IcsiS  completely  submerged.  The  Dakaa- 
tinn  coast  on  the  e.vti  wide  of  the  .Adriatic  i^  a  hair-sul)mergr<l  Iielt 
of  folding  and  the  coast-line  obli<]ucly  truncates  the  strike.  Vjari, 
rias  and  calas  coasts  may  occur  in  as.4ociation  with  any  type  of 
stnicturc;  they  are  determined  l>y  the  dominant  clius  of  suba^rial 
denuding  agents. 


CHAPTER   XXm 
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The  term  mcuMtom  is  snmctrhat  loosely  emploved  for  any  \o' 
emincni-e,  ami  the  cUntinclinn  bctweei)  muuniainK  aiid  hitLs,  aa 
ordinarily  made,  is  principally  a  (]ucstion  of  hci^t.  Some  so- 
called  mountain  peaks  and  ridges  arc  merely  the  portions  of 
dissected  plateaus  led  siandinf;,  such  a.i  I^Mkout  Mountain  and 
Mi5sionar7  Rid}p  in  Tennessee,  and  the  Alleghany  Front  in  Pcnn- 
sylx'ania.  Such  m4>untaiii>  u<.ually  hate  llat  tops  (table  motiniains), 
are  corapox^  of  strata  whicli  arc  nearly  or  quite  horizontal,  and 
owe  their  exi.iicn«  cither  to  their  bein^  composed  of  more  re- 
sistant rocks  than  the  denuded  parts  of  the  plateau,  or  to  their 
farourable  situation  with  reference  to  the  chrainap-  lines.  Another 
type  of  mountain  is  the  volcanic,  which  is  usually  an  isolated  cone 
and  may  be  built  up  to  gnat  heights;  it  is  simply  tlie  accumula- 
tion of  irolcanic  material  which  has  ticcn  piled  up  around  the 
wnl.  To  the  same  general  class,  as  due  to  ij^eous  rocks,  mit;ht  be 
referml  llie  Itucoliiliir.  moimktins,  m  which  an  intrusn'e  magma 
has  pushed  up  the  ov-erlyiiif;  strau  into  a  dome.  Such  mountains 
may  stand  Isolated  (Kig.  sso),  or  iH^vrrai  ntay  \k  grou[)eil  together 
(Henry  Mountains  of  southern  L'tah),  or  they  may  form  extensive 
lurts  of  true  range*  (Elk  Mountains,  Colorado).  Block  moun- 
htins,  which  are  lilted  and  eroded  fault-blocks,  form  a  third 
dsss;  ibcsc  may  Iw  single  or  In  groups  or  lineally  extended  ai 
a  range.  Typical  mountain  ranges  and  chains  are  mountains  of 
folding,  and  differ  materially  fmm  any  of  ihei*  cla.i.4e*,  lioth  in 
their  structure  an<l  their  mode  of  ori^n.  Before  |>rocceding  to 
djsctisa  the  origin  and  history  of  mountains,  it  will  be  necessary 
Up  define  the  terms  to  be  used. 
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A  Houn'tain  Range  U  made  up  of  a  scries  of  more  or  less  par- 
ojlcl  ridges,  all  of  which  were  formed  within  a  single  geosyncUoe 
(p.  ^^o)  or  on  its  borders.  The  rid);cs  iire  se^nralcd  from  one 
iiiiutticrr  l>y  lon^ludinal  vatlcj's,  and  may  be  formed  either  by  the 
successive  folds  or  by  denudation  within  the  limits  of  the  folds. 
In  Ihe  lalier  case  the  outcropping  harder  strata  make  the  riches. 
A  mountain  r:inge  is  always  very  long  in  [iroportiiin  ta  its  width, 
and  its  ridges  have  a  i«rsistcnt  trend.  These  features  distinguish 
a  true  r»ngr  from  the  ridges  ttii  oul  of  a  plateau  by  denudation. 
TTic  Appalachian  range,  the  Wasatch,  the  Coast  Range,  arc  ex-  . 
amples  of  typical  mountain  ratios.  ^H 

A  Hoiintaia  System  ts  made  u\>  of  a  number  of  parallel  or  con^^ 
Heculive  ranjw-,  fnrnHti  in  separate  geosynclines,  but  of  apprtijd' 
malely  similar  dalcv  of  ti|iheav:il,  Thr  A])pala<:hian  »yKtCRi  com* 
prises  the  .Appalachian  range,  running  from  New  York  toUeorf^a, 
the  Acadian  range  in  \o\'a  Scotia  and  New  Brunswick,  an<l  ibe 
Ouachita  range  in  Arkansas.  Kach  o(  these  nngts  was  formed  in 
a  difleraii  geoi.ynclinal, but  at  Ihe  same  geolo^cal  dale, and tbe)r^ 
are  <:onscciiiivc,  having  a  common  <lire('tion.  a|| 

A  Hountaiit  Chain  ci'mprises  two  or  more  systems  in  the  same 
general  rvj;iini  nf  devalioii,  but  of  dillen-nt  dates  of  origin.  The 
Appalachian  chain  includes  the  Appalachian  system,  the  Blue 
RidRe,  the  Himhlandi  of  New  ]ersey  and  tlic  Hud.Min,  a  system  nf 
ditlcreni  dale,  and  the  'I'aconic  system  of  wcslcm  New  England,  i 
which  was  not  formed  at  the  same  time  as  citlier  of  ilie  others.       ^H 

A  CordiUcm  consists  of  several  mountain  chains  in  Ihe  same 
pari  of  the  conlincnt.  Thu.s  Ihc  chains  of  the  Rocky  Mounlain-s 
Sierra  Nevada.  Coast  Range,  and  their  ]ir(dongations  in  Canada, 
together  make  up  the  Rocky  Mountain  or  Western  Cordillera. 

Fnim  ibesc  definitions  it  will  apjuar  that  ihc  muuntain  range 
has  a  unity  of  structure  and  orii^n  which  tits  it  especially  for  study. 
If  the  history  of  the  ranges  \k  un<lerstood,  lite  systems  and  i 
will  otTcr  lilllc  addilional  diftkully. 

A  mountain  range  (diaegarding,  for  Ihe  prevnt,  certain  exccp* 
iftl  cases)  t'onsiMs  of  a  very  thick  maK«  of  strata,  which  ore 
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much  thicker  in  ibe  mouniams  than  t)ie  same  strata  in  the  wljoin- 
ing  pUuns.  In  the  Appalachian  range,  for  example,  the  strali&ed 
roclu  are  more  than  15,000  feet  Ihkk.  bui  on  tracing  the  sante 
scries  of  beds  wesHvanl  into  the  MivMssipiii  \'a)ley,  they  are  found 
to  become  very  much  thinner,  hardly  citceding  onc-lenih  iif  the 
tfakkncM  in  the  mountain-*.  Thi*  iinmen:>e  thickness  of  the 
compoitcnt  straU  i»  not  pcctiliar  to  the  Apiuilarhiam,  but  reapitean 
in  ihe  lypjca]  mountain  ran;^:i  ever)'«'hcre ;  t)K  Wasalirh  range  has 
31,000  feel  of  strata,  the  Coast  Kungc  30,000  (cet,  the  Alps  50,000 
feel,  elc.  The  thick  series  of  Mr^ta  which  make  up  a  mountain 
range  arc  uswUl)'  oxtformabic  tliruughout,  though  this  conformity 
may  in  some  cases  be  dcccpti^'c  and  due  to  the  obliteration  of 
union formities  by  folding.  Deposition  usually  ap|>oar^  to  have 
been  nithout  conspicuous  breaks,  an<(  there  wiks  little  or  no  Uns 
from  denudation,  though  in  M>me  cases  the  region  which  !)u)»c- 
quently  was  uiihea^T*!  inln  the  range  had  il*  (Mcillnlion^  of  level, 
recorded  now  in  unconformities.  This  may  be  seen,  for  example, 
in  the  Ouiu'hita  range  of  Arkansas. 

Another  well-nigh  universal  fact  concerning  the  structure  of 
mountain  ntngett  i»  Ihe  intense  folding  or  jilicaiion  of  their  strata, 
often  accompanied  by  great  thrusts.  The  degree  of  plication 
vanes  much  in  different  ranges.  The  Uinta  Mount ainx  are  formed 
by  a  single  great  and  gently  swelling  arch  of  strata,  faulted  along 
Its  itonbem  slope.  So  gentle  Is  the  curvature  of  the  bcd^  thai  in 
a  single  view  they  often  seem  to  be  (luile  hori»>nial.  The  Black 
Hills,  South  Dakota,  form  a  great  dome,  with  somewhat  ova) 
ground-ptan.  Much  more  commonly  the  strata  are  thrown  into 
a  series  of  parallel  folds,  which  sometimes  are  open,  upright,  and 
symmclrical,  as  in  H>me  of  the  ridge>  of  llie  Jura  Mountains  ol 
Switzerland,  in  which  the  toids  an  so  symmetrical  and  regu- 
lar that  a  section  acrtiss  the  (larallel  ridgvs  looks  like  a  dia- 
gram. Thb  comparatively  gentle  folding  is,  however,  not  the 
rule,  but  rather  an  inten.te  compression  and  jiliiation.  The 
Appalachians  are  throu-n  into  closed,  a.tymmctricid,  and  ovcr- 
lumed  fold^   with  frequent  great  thrusts.     The  Sierra  Xcvada 
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b  w  haaa^j  pficaded  An  ihe  tUdaea  of  ilk  itrats  has  oat  )«t 
been  otiouMd.  Thr  Alps  tun  otxlcrgmc  sadi  mmuhoqi  coo- 
|m  Miim  dut  iDtii^  tA  the  rid^B  an  in  iht  linra  </  Ew  folds  (i> 
the  aatfcfiiKs  m  broadtr  «  the  act  than  at  the  base),  whik 
etfaen  ha«e  been  pudied  over  to  an  imerted  pooitlon.  The  coia- 
Uoatiroi  of  tfan  vioiait  conbstiao  wjtb  fubs  and  tfamsts  often 
ntula  la  aa  IndeKribable  eotdttam  and  ehaoa  of  Corns,  wUch 
k  b  cxcccdingljr  dtScnlt  lo  comprehend. 

In  folded  moantain  langes  thne  zooes  nay  be  dJMinjpiisbed: 
(i)  A  rigid,  unyielding  ruu«  which  '»  nut  (oMcd.  (a)  ihc  xone  i>f 
MtCng,  (3)  the  zone  of  diminisfaing  action,  vbcn  ibc  folding  fsradu- 
ally  din  away  or  ctKb  in  a  fatilL  Uany,  [>erhaps  must,  nuigo  are 
bonoded  by  faults  on  one  nr  more  sides,  as  U  inic  of  tbc  ^cm 
Nevada.  Wautcb  and  Uinta  Mountains,  the  Alps,  etc.  The  «idc 
ni  the  range  Inward  which  the  o«-cnumrd  folds  incline  is  cailcd 
the  Jordand,  and  may  be  either  the  unfolded  ma^  or  tbc  zone  di 
diminiiihtng  action;  the  former  airangemrnl  ocrun  in  the  Alfv, 
the  latter  in  the  Appalachians. 

The  two  main  charartcri>.iic  fcMurex  of  mountain  ranges  an. 
Ibcn,  Ibe  immnue  thickness  of  the  strata  of  wliich  they  arc  made, 
and  the  compreHAJon  and  folding  or  thrusting  which  they  have  un- 
dergone. Certain  minor  structures  which  accompany  these  more 
UrikioK  features  should,  l»ovret«r,  nut  l>e  oveTli>i>ked.  In  the  fir^ 
placC)  the  folded  strata  of  mountain  ranges  are  very  generally 
cleaved,  nr  fiidle,  or  both,  tlie  planer  of  deava^  or  fisMlity  mn- 
ning  par.i)l«l  with  the  nx«  of  the  (olds,  (a)  The  major  folds  are 
Ihcmsclvc*  composed  of  successive  series  of  minor  f<rfdi  jn  de- 
•tending  order  of  magnitude,  the  snallest  of  ibem  being  visiUe 
only  Vi-ith  the  microscope.  (,j)  Dynamic  mctsinorpbism  Is  an 
almost  universal  feature  of  mountiiin  ranges,  the  transformation 
of  the  rocks  being  in  proportion  to  the  intensity  of  the  pikalion. 
The  microscope  gives  etoijuent  testimony  to  the  enorniou*  furce^ 
which  liavc  been  at  work,  by  showing  how  the  minerals  have  beee 
rouhcd  and  flattened,  rendered  plastic  and  flowing  like  wax 
11  Iiy<tr.iulic  prcM.    {4)  MiiMcs  uf.igneous  rocksare  veiyofteo. 
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tbou^  not  always,  associated  with  mouniatn  ranges,  and  many 
such  ranges  have  a  core  of  ipieous  ruck,  uSiea  jpanite,  witli  i-irata 
flanking  il  on  both  sides. 


OuoiN  OF  Mountain  Ranges 

'ITic  manner  in  which  mountain  range*  ha^-c  been  formed  must 
be  deduced  from  a  careful  Vtudy  of  Ibetr  structure,  for  no  one 
has  rvcT  wilnesticd  the  process  of  that  formation.  Mountain 
building  may  be  going  on  a)  the  present  lime;  indeed,  there 
is  no  rea«in  to  supjwse  tlwt  il  U  nut,  but  *o  slowly  U  the  work 
carried  on  that  it  withdraws  itself  entirely  from  obsen'ation, 
Ncvt^rlheless,  ilw  general  course  of  cveiiiH  may  tie  inferred  witli 
much  confidence  from  the  structure  of  the  range. 

The  first  step  in  tlie  formation  of  a  raountait)  range  mu^t  evi- 
dently be  the  accumulation  of  an  immensely  thick  (xhIv  of  strata. 
This,  of  course,  must  have  taken  place  chiefly  under  w  atcr,  and  the 
only  l>ody  <>f  water  large  enough  is  the  ^a.  Furtbermorc,  our 
studies  of  modern  marioc  deposits  hare  taught  us  that  ibicl!  strata 
can  b(-  aci'un)ulale<l  only  in  rather  >lialK>w  water  and  parallel  w*)lh 
shorelines.  I'his  shoal-water  ori^n  of  their  slratn  is  confirmed  by 
the  examination  of  actual  mountain  ranges,  where  we  find  great 
masses  of  conglomerates,  ripple- marked  and  sun-cracked  sand- 
stones and  shales,  and  abundant  other  testimony  of  doj>osition  in 
sitallow  waicr,  in  deltas  and  on  flocxl  plains  of  ri\Tr*-  To  accumu- 
late thick  strata  in  fhoai  water,  the  Ixiltom  must  subside  as  the 
sediment*  are  jriled  u)jon  it,  e\*e  the  water  would  Ik  rille<l  up  and 
deposition  cease.  Such  a  sinking  trough  is  a  gcosynclinc,  and  in 
^eoaydine-t  filled  with  sediments  is  the  cradle  of  the  mountains. 
The  area  of  the  trough  varies  from  time  to  time,  as  do  also  the 
position  of  the  line  of  maximum  subsidence  and  the  relative  rate 
of  <lc|>re?sii>n  and  »e<limentalion,  so  thai  tlie  depth  ot  water  varies. 
We  saw  above  that  the  strata  of  mountain  ranges  are  verj-  much 
thicker  than  the  same  Mrau  In  iIm-  adjoining  plains,  which  means 
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that  the  ranges  have  been  fanned  along  ibe  lutes  of  maxiinum 
seduneauiion. 

The  scamd  slagr  in  the  Iniilding  of  a  range  U  llie  upheaval  ti 
the  thkk  mass  of  strata  into  a  scries  of  nnlklinnl  and  sj-DcIinal 
folds  wliich  may  be  upright,  open,  aitd  sjrmmetrical,  or  timed, 
■symmetrical,  in<:lined,  or  inverted.  This,  as  vc  hare  aiready 
learned,  can  be  produced  only  by  lateral  r4»iipressum,  a  con- 
clusion which  a  sustained  not  <;nly  by  the  merltiiniiK  n(  f(4ding  and 
faulting,  but  aUo  by  the  le^  obt-iou&  structures,  such  3&  dcav^ 
and  fbsility,  nictamor|>hism,  the  mi<Tosixnjic  cnimplings  and  pli- 
cations, and  the  crushing  and  Howagc  <rf  the  mineral  particles. 
The  comjitvsMng  force  don  not  raise  anticlines  with  greal  ca^itiei 
beneath  them,  for  such  arches  could  not  well  be  self-supporting, 
but  mashes  together  ibe  whole  mass  of  strata,  ratnng  Ihcm  into 
f oldsand  n-rinklcs,  crowding  i  he  beds  into  a  great  ly  reduced  breadth ; 
or,  when  Ihcy  are  not  suHiciently  loaded  to  be  plastic,  breaking 
and  dislocating  ihcm  in  great  thrusts.  Ilisnoinece:>sarytosuppoK 
thai  a  mountain  ran^  was  thrown  up  by  one  steady  movement. 
On  the  conlrarj'.  there  is  goixl  rc.iiM>n  Id  lielieve  that  repeated  move- 
ments, separated,  it  may  be,  by  long  intervals  of  lime,  have  been 
engaged  in  the  work. 

The  great  forces  of  compression  which  haw  uphca^-ed  mountain 
nui^s  have  manifested  themselves  recurrently  from  the  eartieil 
to  tlie  latest  recorded  periods  of  ihe  e.nrih's  history,  and  from  these 
recurrences  form  conspicuous  landmarks  in  the  chronological 
acbeme. 

There  are  certain  mountain  ranges  which  haw  a  difTeieni  strm- 
lure  and  must  have  had  a  torTCS]»<>ndingly  different  mtxle  of  oiipB. 
As  already  ptunted  out,  in  Ihe  Great  Basin,  which  tie:s  betweoi 
(he  Sierra  Nevada  and  the  Wasaich  Mountains,  arc  a  riumtx-r  of 
parallel  movinlatn  ranges  with  a  prevalent  north  and  souih  trend, 
which  arc  collectively  called  ihe  Basin  Ranges.  These  tootintains 
arc  not  folds  of  very  thick  slrata,  but  til(ed/<i«//-Woi*)tj.  which  bate 
,jjgen  m;uU:  l>y  normal  faults,  each  upihron-  Mcle  standing  as  a  great 
irpment,  but  with  a  tilled  lop  thai  gradually  slopes  back  to  ihe 
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nf  ihe  oat  block,  to  which  it  MuhcIa  u  ihc  dasi-tUhnm'  liit. 
The  ptotxmitJ  ot  dcRudalion  have  caned  ibcsc  Ulicd  blwlu  inio 
■cmks  aad  ridge»  of  the  unlinar}'  kind.  The  Ujundajy  rani!e«, 
Stem  Nevada  and  the  Wosalch,  although  mountains  of  f(4d- 
nit.  hatr  themaclvn  been  modirKd  l>y  the  same  process,  fur  c-ich 
if  ib(^«  nnfSTt  has  a  grrat  fault  nUm^  it^  Im^,  the  Great  BoAin 
^nft  on  the  di>wTithr(>u'  side  with  refeTtmc  to  eii«h  of  tbcm. 

The  Data  of  Houotaia  Ranfes  meum  the  geological  |ieriud  in 
which  thejr  were  ttrst  upheaved  abun  the  sea.  This  date  b  6ut>- 
lK«)umt  ti)  Ihe  nr«Tfit  Mrata  which  are  involnd  in  the  movement, 
etrtier  than  ihut  i>t  the  oldest  strata  which  did  not  take  part 
{|.  bat  inu*t  have  dune  »■,  had  iher  been  pnacnl.  Strata  which 
uncun((«niably  again*x  Ihc  flank»  of  a  range  must  have  been 
depattlcd  after  the  folding  mnvt-metit  was  accompUsbe*!.  If  the 
(oMcd  strata  and  Ihe  nldol  unmcn'c<l  Kirata  In;  nf  successive 
leoloylcal  [Kriodii,  tlic  date  nf  the  u))heaval  is  placed  l)clwc«n  (huae 
period*  and  said  tn  clme  th<-  t)lder  one  for  the  |)ikriii.  uUr  re^nn 
Bvntvcd.  Tbc  subsequent  hi>l(«y  n(  a  mounlain  ranj^  aflrr  ita 
Anal  upheaval  abaw  the  (ca  muxt  he  read  in  ils  denudation  and  in 
tbe  evoiutina  of  iU  lopogra|>hy  and  draina^. 

DOIUDATlOPt  OP  MotntTAtNS 

MouBtalru  as  wr  see  ibrm  ore  never  in  the  shape  which  they 
Wnuld  prcacnt  were  tiie  furvet  of  cocn|ve«eilon  and  ufihcaval  alone 
<vrKTrRed  tn  their  fonnation.  Kvery  mountain  range  bos  been 
|vi>fiiundly  affntcd  by  the  agencies  of  denudation,  and  their 
and  |xaks,  their  cliffs  and  vallejre,  hate  been  (ar\ed  nut  of 
(ohb  and  dome*,  or  anjcular,  IJItcd  faulibUicks.  As 
la  A  alow  pmceM.  denutlaliiin  muM  have  tn-gun  it*  work 
u  the  cmts  of  the  fiil>l>  made  their  a|i()earance  above 
the  tea,  ur  atvive  the  Irn-l  nf  ihr  (cmund,  vi  Ihnt  pntbaUy  no 
em  had  the  full  Iici(tht  whith  the  Mrata,  if  frrr  frt«B  ite- 
nBdolion,  wmii^l  have  given  to  it.  Tphcaval.  though  wniettewa 
tlow  eaouKb  to  allow  riven  10  keep  tlteir  ctunnels  open,  i»  yvl  loo 
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rapid  to  t)r  kept  in  check  by  the  pnxcsws  of  general  «tmo6pheru 
weaibcring,  and  so  tbc  ranges  grew  inio  great  uptilts.  But  a»  .-wen 
as  the  rouvement  uf  elevation  ceased,  deiiudatUm  Itegan  to  get  tin 
upper  hand,  far  as  we  ba^-c  learned,  ntountaim  are  the  scene  of 
rapid  erouoti. 

Ijotty,  or  alpint,  rangn  are  subject  to  peculiarly  rapid  and  effec- 
tive denudalion,  (juite  different  in  charai.ter  Inmt  that  wfaiih 
o)>cratcs  in  the  lowlands.  Above  tbc  limit  oi  the  growth  of  tree 
(tree-  or  timber-line)  rock  desiniction  goei  on  with  great  rt[Mdity. 
an  is  indicated  by  ihc  wIM  and  thaolic  confusion  of  rock-pieces 
In  German  this  i!>  called  Fdsenmeer  (sea  of  rock),  but  there  ti  n* 
Ei^bh  lerm  for  it,  and  it  is  preeminently  rhuractcristic  of  loAf 
mountain  slopes.  These  masses  of  jhallcrcd  rock  are  not  onlf 
evidencex  nf  rapid  dL-untegration  by  frust,  but  affonl  an  immea-ir)^ 
increased  surface  to  destructible  weathering.  Tbc  wind,  whirt 
blows  with  great  violence,  u  an  important  agent  of  destruc- 
tion; avalanches  carr)-  down  great  quantities  of  rock,  and  the 
cuinbiiied  agencicii  of  froAi  and  gravity  produce  the  vast  talus 
slopes  of  all  high  mountains. 

.\noiher  tery  cSeclive  agent  among  alpine  summits  U  the  glacier, 
which,  by  wi<U.-ning  and  cutting  back  the  cirque  at  its  bead,  caU 
rajiidly  into  ihc  mountain  ma.<u).  When  many  glaciers  rise  on  the 
different  wdes  ol  a  mountain,  the  recc^tsion  of  the  cirques  willdr 
vclop  s.har]»  crests  and  knife-edges.  To  this  cause  has  been  ciartly 
attributed  the  extreme  niggednew  of  the  high  Alps,  Sierra  Nevadj, 
and  other  ranges. 

For  a  long  period  the  effect  of  denudation  if  greatly  lo  incnas' 
the  ruggedncss  of  the  mountains,  carving  folds  into  ridges  and  cliffy, 
and  ridgeH  into  bold  and  inacce.v>ible  [jeaks,  but  sooner  or  lat.fT  ibe 
mountains  arc  worn  down  lower  and  lower,  and  are  erentuallf 
levelled  with  the  plains  from  which  they  spring.  In  (Ik  ptnce* 
of  degradation,  the  syncHnes  often  resist  wear  Itetter  than  tbc 
anticlines,  and  ^landing  up  above  the  level,  fonn  the  ^yndiod 
ins  of  many  ancient  ranges, 
n  the  geological  point  of  vieu-  mountains  must  be  reganleii 
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as  short-lived  and  cpheOKral ;  low-lying  plains  persist  for  a  longer 
lim«  than  do  lofty  ranges,  as  riven  may  oullast  many  generations 
Etf  lakes.  Conscqucnily,  amoni;  the  mountain  chains  of  the  glohe, 
we  everywhere  rin<)  thm  ihc  lofty  rangi-s  un  tho»c  of  comiiara- 
tively  recent  date,  while  ancient  mountains  have  been  nom  down 
into  mere  Mumpti.  The  Appalachian-'^  htivt  been  reduced  nearly 
to  bare-level,  and  their  present  condition  is  that  of  a  rei-levaled 
and  dissected  peneplain,  the  rid^'t  and  valle)'s  of  which  are  deter- 
mined l>y  the  {xisitton,  atliludc,  an<l  altcrnalion  of  harder  and 
softer  strata.  In  its  pristine  stale  this  very  ancient  range  may 
havt  Ijcen  a.*  lofty  us  the  Alps  or  Andes.  Of  course,  there  is  no 
malhemalical  ratio  between  the  youth  of  a  range  and  iL<i  height. 
ior  moderately  folded  strata  of  tncKleraie  thickness  never  could 
have  formed  very  high  mountains,  but  in  a  general  way  it  is  true, 
that  i-ery  Iiigh  ranges  are  yuutlifu],  and  that  very  old  ranges  are 
low.  The  process  of  degradation  may  go  so  far  as  to  sweep  away 
tnoiintain  range  to  Its  very  roots,  leaving  only  the  intensely 
Jilicated  strata  of  the  plain  as  eviilence  that  mountains  ever  cx- 
iiicd  there.  Of  such  a  nature  is  the  upland  of  southern  New 
Ivnglarul  and  ihe  great  mctamorphlc  area  of  Canada,  tx>lh  of  which 
|]n>hably  once  carried  ranges  of  high  mounlaitis. 

Appaiachiak  Cvclm 

We  have  sc«n  that  any  region,  however  lofty  and  rugged,  must 
eventually  be  worn  down  to  base-level,  provided  only  that  the 
Countr^'  remain  stationary  with  reference  to  the  xa  until  the  pro- 
cess of  degradation  is  complclc.  It  is  doubifuJ,  however,  whether 
kny  extcnt-ive  region  of  hard  roclcs  hat  ever  been  absolutely  re- 
duced to  base-level:  the  usual  result  is  the  formation  of  a  penc^ 
plain,  a  low-lying,  feaitirvles-''  surface  of  gentle  slopes  and  nith  onijr 
Dccaswnai  eminences  rising  above  the  general  IciitI.  Re*levation 
at  such  a  peneplain  at  once  revivifies  the  MreamN  and  gives  all  the 
tJesirwUvc  agencies  new  power*.  The  peneplain  is  attacked  and 
Carved  intu  valleys  and  hlll.t,  die  valleys  being  rapidly  cut  down 
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(o  basc-lcrct,  while  (he  (tividcs  and  hills  an  much  marc  sloirij 
removed.  If  time  enougli  l»  RrantciJ,  the  rugsed  country  foraied 
from  a  di^seclttl  iwncplain  w  in  its  turn  wi>ni  ttiiwn  lo  a  secood 
peneplain  at  a  lower  base-Icvcl.  This  alternate  upheaval  awl 
weiring  dnwn  together  ciiiistiluic  a  cyiU  of  tlenudalion,  frum  baw- 
Icvel  back  lo  basclcvel.  A  complete  cycle  Is  one  in  which  iIk 
whole  region  '\>-  reduced  lu  a  jteneplain  before  die  reelei,-alion 
occurs,  and  a.  partial  or  incomplete  cycle  is  one  which  is  iottf- 
rupted  by  upheaval  beforv  the  refpon  is  cut  down,  and  only  small 
and  local  peneplains  have  tK^n  formed.  From  a  study  of  an  old 
region  several  cycles  of  denudation  may  frequently  be  made  on!, 
rci»Tescnled  by  the  remnants  of  diswrtlcfi  [jcncphins  a(  diiTereiit 
lewis  preserved  in  the  harder  rocts.  The  successive  adjustmenu 
of  the  druinage  »y^lrm  arc  a  v.ilu;tble  auxiliary  in  working  out  lh« 
history  of  ihc  cycles. 

A.t  iui  excellent  cxam[»lc  of  these  cycles  of  denudation  wbosc 
marks  arc  preserved  in  the  structure  of  the  rocks,  wc  may  take  the 
Appalachian  Mountains,  which  have  lieen  studied  with  peal 
care.  The  cycles  have  been  worked  out  elaborately,  but  only  an 
outline  of  the  more  striking  events  can  be  given  here. 

These  mouniain-i  Iwgan  as  a  great  geosynclinc  in  which  lhnHi$li- 
out  the  vast  lengths  of  the  Palo-ozoic  era  were  accumulated  e1Io^ 
moiiitly  ihifk  maj^M»  nf  shoal-water  tedimenls.  Towar<J  the  closr 
of  that  era  a  numtx-r  of  crustal  movements  set  in,  cnishini'  the  sides 
of  the  geosyndinid  trough,  and  crumpling  the  mxxs  of  strata  c^- 
tained  in  it  into  a  scries  of  roughly  par;illel,  closed,  inclined,  or 
wcriurned  folds  forming  doubtless  a  very  lofty  range  of  moon- 
tains.  During  Ihc  long  ages  of  the  Mcsozotc  era  the  mouniaiiu 
were  attacked  and  worn  down  hy  tlie  destructive  ageodes;  teA 
by  the  liinc  the  Cretaceous  period  was  reached  the  range  had 
been  reduced  to  a  peneplain,  with  only  a  few  hills  rising  aborc  te 
almost  featureless  level,  —  hills  which  arc  now  the  peaks  of  wt*!' 
em  North  ("arolina,  the  highest  points  of  tlie  range  at  pre«mt. 
The  pre^-nt  height  of  these  jwaks  i.^  due  lo  subsequent  reClcvaiicn. 
This  plain  H  called  the  Kittalinny  (lencplain,  because  the  niff 
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of  that  name  in  Penns)-ivania  aiid  N«w  Jersey  h  one  of  ihe  rem- 
nants of  it.  To  ihc  observer  who  can  overlook  the  Wllow-y  ritlgeii 
of  ilie  present  rauRC  tbdr  even  sky-line  is  very  striking,  and  the** 
ri<lgr<  arc  :i\\  aimiHinrd  of  the  hanlcsl  rotks,  which  all  rise  to 
nearly  the  same  level.  To  reproduce  the  plain  it  would  be  nec- 
essary lo  fill  Ihe  valleys  bt-iween  the  Blue  Ridfi^  on  ihc  east  and 
the  plateau  on  the  west  up  to  the  level  attained  by  the  hard  ridges, 
and  this  would  gUx  a  gently  arched  surface,  lUoping  very  (gradu- 
ally lo  the  Mississippi  Valley  and  the  Altontic.  On  this  peneplain 
were  already  esiabllHhed  the  great  <itreams  which  flow  to  the 
ocean,  such  as  the  Susquehanna  and  the  Potomac. 

Next  the  peneplain  was  raised  very  gradually  to  a  height  of 
1400  fed  in  Virginia,  diminishing  in  both  directions  from  this 
point,  and  the  denuding  forces  once  more  attacked  and  dis.<«cted 
the  jflatcuti,  Ihr  larger  streams  holding  their  lrun«^'er»c  courses  and 
sawing  through  the  hard  strata,  which  were  left  standing  as  ridges 
by  the  cutting  of  ibe  longitudinal  valleys  along  the  more  destrucl- 
iblc  beds.  Denudation  had  cut  dotrn  the  softer  beds  to  one  gen- 
eral le\*el,  called  the  Shenandoah  [wnepiain,  the  period  of  Kni 
being  long  enough  to  bring  all  the  areas  of  soft  and  soluble  beds 
to  this  le>'e],  but  not  materially  lo  lower  the  ridge»  of  the  more 
rrsstani  ^rata. 

"The  swelling  of  the  Appalachian  dome  began  again.  It  roae 
aoo  feci  in  New  Jerwy,  600  feet  in  Pennsylvania,  1700  feet  in 
southern  Virginia,  and  thence  southward  sloped  to  ibc  Gulf  of 
Mexico.  ...  In  consequence  of  Ihe  renewed  elevation,  the 
stmms  were  revived.  Once  more  falling  swiftly,  ihey  have 
sawed,  and  are  sawing,  their  channels  down,  and  are  preparing 
for  the  deii'elopment  of  a  future  base-level."    (Willis.) 

Acconlajiu  of  Alpine  Summits.  —  It  is  perhaps  generally  true 
of  rer^-  high  ranges  lh:il  their  highest  peaks  and  ridges  arc  ar- 
ranged so  as  to  be  in  accordance.  If  we  imagine  a  surface  wluch 
shall  evTryvilK-re  lnuch  ihesi-  Minimi  I- levels,  ft  will  l>e  fmmd  to 
form  a  gently  arching  dome,  with  major  axis  ctunciding  with  the 
general  mod  of  the  mountains  an*)  highest  in  the  interior  of  the 
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ran^.  This  accordance  ha-t  been  tibsi'-n-ed  in  many  aJpiiK 
nmgcs,  such  as  (he  Pjrrcnces,  Alps,  and  Caucasus,  the  Kem 
Nevada  and  Cascades,  lite  Selkiriis  and  Coa.it  Range  of  Briliifc 
ColumtHn,  and  ihe  mountains  n(  Alaska. 

In  atlcmpiing  to  explain  this  remarkable  coincidence,  ibe  \if- 
potbesift  of  pcrwplanalidfi  and  ^utxwijuciii  upwarjitng,  which  is  so 
satisfactory  and  so  widely  accepted  as  applied  lo  ihc  Appalacfaiait! 
and  similar  ca.ses  in  Europe,  ha.*!  aim  lx;eii  emploj-ed  fur  alpine 
ranges  of  comparatively  recent  geolo^al  date,  lliis  explanation 
bos  not,  however,  found  so  general  an  acceptance  for  the  lugti 
mountain)!,  and  other  hy|K)ihc^^  should  be  considered  as  poeable 
altcmalives  in  each  case.  These  rival  hj-poihescs  may  be  grouped 
into  iwn  claxm:  (i)  ihtiNe  which  regard  the  accordance  a*  due  lo 
original  structure  in  the  processes  of  upheaval,  and  (a)  ihtwc 
which  refer  Ihe  phenomenon  to  the  spontaneous  action  of  tbc 
denuding  fortes. 

(i)  There  is  no  reason  to  believe  that  mountains  could,  or  ever 
did,  rise  lo  indefinite  heights;  on  Ihe  conlrarj',  thdr  height  mu,'«l  be 
limited  by  the  ability  of  their  foundations  to  sustain  ihcm,  and  ibc 
principle  of  {.vMlatic  adjuMment  might  well  operate  lo  produce 
some  rough  accordance  of  height,  while  dcmidaiion  during  the 
slow  upheaval  would  tend  lo  remove  the  higher  summits  faciei 
than  the  lower  ones.  "The  donncrushing  of  higher,  hcavStr 
blocks  with  the  simultaneous  rise  of  Ihcir  lower,  lighter  neigh- 
bors, coupled  with  the  likewise  simullaneous,  especially  rapid 
losa  of  sul»tance  on  ihe  higher  summits,  form  a  compound  pio- 
CCM  leading  to«-an(  a  Mngie,  rctaiively  simple  result."     (Daly.J 

(a)  The  core  of  many  high  ranges  is  a  granite  batlxiUth,  from 
which  are  carved  the  higher  peaks  and  ridges,  the  original  com'' 
ing  of  strata  baring  been  swept  away  by  denudation.  The  form 
of  the  uneroded  liathulitb  was  that  of  a  gently  arching  dome,  fucb 
as  might  be  expected  to  pvc  rise  to  accordant  summits  in  the  pexVt 
carved  from  it.  In  ranges,  like  the  Alps,  which  have  no  baiho- 
lithic  core,  there  is  yet  almost  always  great  meiamorphism  due  to 
compression  of  the  rocks  and  the  weight  of  overij-ing  mtsies. 
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The  surface  of  the  mcianwrjihw:  core  was  jtrobulily  quite  regular 
before  the  covering  stnta  vrcrc  removed,  and  would  lend  to  result 
in  attiirdant  summits  among  the  peaks  which  are  M:uli>lurcd  otil 
of  it.  The  thoroughly  mctsniorphoscd  rocks,  ^uch  as  gnclsacs, 
«:hist.s  quaiUites,  marbles,  etc.,  are  not  very  different  from  one 
another  in  their  rcsLsLince  to  weathering,  and  hence  denudation 
-would  tend,  in  a  general  way,  to  maintain  the  accordance.  Indeed, 
many  in  vest  iga  tors  of  the  Aljw  .a.*cril)e  the  accordant  summits 
to  denudation  alone,  "'nic  longer  a  mounlainous  region  a 
Cxi>o:^e<l  lu  deitudstion,  the  mure  completely  do  the  in<iicati<>ns 
of  original  ine<]ualitie5  in  the  relalii^c  heights  of  its  peaks  disap- 
pear, tQI  finally  the  summits  are  determined  entirely  by  the  char- 
acter of  the  rocks,  ihc  most  resistant  rocks  forming  the  highest 
peaks."    CPcnck.) 

It  is  not  necessary  to  assume  that  any  of  these  alternative 
hypotheses  is  irue  to  ihe  eiclu.'^ion  of  the  others.  All  the  factors 
mcotioned  may  coojwrate  to  a  common  end,  an<i  for  every  moun- 
tain range  the  problem  should  be  regarded  as  an  individual  one, 
urilbout  taking  for  granted  that  one  explanation  will  cover  all 
cases. 
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CHAPTER    XXIV 
FOSSILS -GEOLOGICAL   CHROKOLOGY 


A  /ossU  is  Ae  impression  or  remaim  of  an  animai  or  plant  pn- 
served  in  the  rocks. 

A  knowledf^  of  fossils  is  indispensable  to  the  ^ologist  because 
they  give  htm  tlic  means  of  estatilishing  .1  conscculivc  chronolog}' 
of  ihe  eanh,  and  teach  him  much  concerning  the  chan^>  of 
laiul  iind  sea,  of  climate,  and  of  the  diMribuliun  of  living;  things 
upon  the  globe. 


I,  How  Fossils  were  kubkdded  in  the  Rocks 
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The  conditions  of  the  preservation  of  fossils  arc  much  man 
favourable  to  »ome  kind»  of  organisms  tliaii  to  olhras.  It  is  only 
under  the  rarest  circumstances  that  soft,  gelatinous  animals,  whicb 
flikc  jelly-C.-ih)  have  no  liard  pans,  can  leaii-  traces  in  the  rock»- 
The  vast  majority  of  fossilized  animals  arc  those  n-hich  have  hard 
shells,  scales,  icetb,  or  bones;  and  of  plants,  Ihoie  which  contain 
a  ^uRlcient  amount  of  woody  li&;uc. 

Af^ain,  the  conditions  under  which  oif^nism^  li\'e  have  a  nrvii. 
Uilluencc  ujKth  the  chances  of  Iheir  pr«-scrvalion  as  foesils.     Laml 
U  and  plants  are  much  less  favourably  .Hiluated  than  are 
forms,  and  since  the  greater  number  of  sedimentary 
S.6 
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rocks  wen-  laid  down  in  the  sea.  marine  organisms  arc  murh  more 
common  as  fossiln  than  an  ihu>«  of  fresh  water. 

On  land,  tostis  Imw  been  prt^crvt^],  wmdimcs  in  astonbhing 
numlier*,  under  wind-made  ai-cumulaliuns  of  *and,  dii^I,  or  vul- 
cank  ai-h,  and  in  th<-  llwxi-plain  dciHieit^  nf  rivcr<.  I'cat-bogs  arc 
excellent  places  for  fossilization,  and  the  coal  warns  have  yielded 
gnr.it  numlirrs  of  foviU,  |iriiinpally  cif  pliinls.  The  remains  of 
land  animals  and  plants,  especially  of  the  latlcr,  are  sometimes 
swc[)<  out  to  sea,  xink  to  the  botiuni,  itnd  are  there  covered  up  and 
prcscn-cd  in  Ihe  dc|iosits;  but  such  occurrences  are  rcialivcly  un- 
cummun.  Smalt  luke^  offer  more  favourable  iimdiiiont  for  ihe 
pre%n'ation  of  terrestrial  organisms.  Surrounding  trees  drop 
their  leitvcs,  fluwers,  and  fruit  upon  ttie  mud-ftui>,  inMHi»  fall  into 
the  quiet  waters,  while  quadrupeds  are  mired  in  mud  or  quick- 
sand and  soon  buried  out  of  si^t.  Flooded  streams  bring  in 
quantities  of  v-cgetablc  dfliris,  together  with  the  careasws  of  land 
animals,  drowiKd  by  the  sudden  rise  of  ihe  Hood. 

The  great  scries  of  (resh-w  aler  and  i-ulcanic-u-ih  <lefHisils,  which 
for  Iwig  afss  were  formed  in  various  parts  of  our  West,  have  proved 
lo  be  a  man'e[lou<t  museum  of  the  land  and  fresli-water  life  of  thai 
rcf^on.  On  the  fine-grained  shales  are  prescn-ed  innumerable 
inserts  and  fifhtfi,  with  multitudes  of  leaves,  many  fruits,  and 
orcasionalty  dowers,  while  in  the  sands,  clays,  and  tuffs,  are  cn- 
lomtMr<l  the  bones  of  the  reptiles,  mammals,  and.  more  rarely, 
birds  of  the  land,  mingled  with  those  ui  Ihe  iTorodile*,  turtles,  and 
6«hrs  that  lived  in  the  water.  Similar  dcpoMis  arc  known  in  other 
continents. 

It  Ls  on  the  sea-bed  that  the  conditions  are  most  favourable 
(o  the  preservation  of  the  grcalcsl  number  and  variety  of  foioJls. 
Among  tl»e  littoral  dei>os4ls  ^und  by  Ibe  ceaseless  action  of  the 
surf,  fossils  are  not  likely  to  be  abundani  «>r  well  preserved,  but 
in  cpileter  and  deeper  waters  vast  numbers  of  dead  shells  and 
the  like  ntviimutitle  and  are  buried  in  *eclimenls.  The  fossils  arc 
not,  however,  uniformly  distributed  over  the  %a-boltom;  in  some 
places  they  arc  <.Towdeil  Kigiether  in  multitude^  while  large  areas 
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wpl  Iw  almost  <)cvoi<I  of  them.  The  dilTcrcnccs  are  (hie  to  ' 
tiom  in  tcmifcraturc,  in  the  character  of  the  lHitli>m,  in  UfM  supply, 
and  other  condition*.  Ercn  under  the  most  favourable  circum- 
stances, the  fossils  can  never  represent  more  than  a  fnction  ot  ilic 
life  of  their  ti^lc^.  In<lec<l,  the  won<!pr  is  thai  so  much  of  the 
life  systems  of  past  ages  has  been  preserved,  rather  than  lh«t  to 
lari;e  a  part  ha«  been  irretrievably  dwJ. 

The  ways  in  which  fossils  are  prcsencd  vary  much,  but  three 
groups  include  all  the  principal  kinds. 

(■)  Prc:«cn'ali(>n  of  more  or  less  of  the  original  substance. 
In  certain  rare  instances  an  or^aRisro  may  l>e  pcvscrved  int^t, 
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no.  flja.— AinHctol  onenwl  moulit  iil  cltm  ihell  [on  led)  mi  orifinal  tliell  (cm 

as  have  I>ecn  ihc  rarca.s»es  of  the  evtinct  .sj>ecies  of  elephant  and 
rhinoceros  in  the  frozen  gravcb  of  Siberia.  Much  more  commoa 
is  the  decomposilidii  of  the  «oft  structures  and  the  [w^^n-aliim  of 
the  hard  parts.  —  bones,  shells,  etc.  M«s4  ot  the  shells  .ind  bones 
found  in  the  roclu  of  later  geological  date  arc  composed  of  the 
material  originally  belonging  to  them,  Ihougli  they  have  suScivd 
much  liKts  of  sub>1ance. 

(3)  Entire  loss  of  substance  and  retention  of  form.  In  tUi 
class  of  fossils  all  the  ori^nal  material  of  the  organum  h«s  been 

,1,  and  no  trace  of  ib  internal  »tru(-iiire  ti  retained,  but  only  the 
■oal  form  has  been  reproduced  in  some  different  material. 
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Voder  this  class  we  may  dislingukh  two  principal  varielies:  (a) 
AfoitUa  and  (b)  Casts.  A  numid  h  formed  when  the  foNiil  U  em- 
bc(liti.-<i  in  >4.-(liroetil»,  which  a<-cur3ti-ly  reproduce  ils  cxlcnwl 
form,  and  harden  so  as  not  to  collapse  when  the  foiisil  is  removed. 
Pcrrolattng  wamn  then  di.sdolve  away  the  oi^iinism  enttrely,  leav- 
ing only  a  cavity,  which  is  the  mould.  Impressions  of  fooiprinl.t, 
whkh  may  be  placed  in  the  same  category  &.<  moulds,  hAvt:  .nlrcady 
been  explained  (sec  pp.  106-7). 

Caits  arc  formed  when  the  moiiUI  h  fill<'d  l>y  some  solid  sub- 
stance deposited  from  percolating  waters,  thus  reproducii^  the 


■FlO.  153. — AiIiGctal  intcnwl  cat!  of  ciun  ibrtl  {on  IfA)  Kiid  inoct  view  U  origiDal 

■hell  (on  ri(hi) 

form  of  the  fossil,  as  is  done  artificially  with  plaster  or  giiltu-pcrcha. 
U  the  (ovul  were  hollow,  like  a  .ihell,  wc  frequently  find  a  coro- 
binalion  of  internal  cast  with  an  external  mould  in  the  same 
specimen.  At  the  time  the  fossil  is  embedded  its  interior  is 
filled  with  the  same  sediment  which  liunlen^  and  forms  an  inter- 
nal cast,  exactly  reproducing  the  form  of  the  interior.  The  sJicIl 
it«l(  is  then  dissolved  away,  leaving  a  space  between  llie  outer 
mould  and  the  inner  cast.  Moulds  and  casts  arc  commonest  in 
rocks  which  permit  percolating  water*  to  traverse  them  freely, 
such  as  saodstoncs  and  coarse-grained  limestones. 
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(5)  Lo»s  of  substaoce  with  reproduction  o(  form  and  stnictun. 
Fossils  at  ihb  claas  are  also  called  iwtrifacliotw  and  )iM!udumur[iti> 
(the  laticr  a  term  borroired  from  mineralogy).  Here  the  original 
Diutcrial  of  Ifie  organi.im  das  I>een  more  or  leas  complclelj-  re- 
moved, and  olhcr  malcriai  subsliluled  for  il;  l>ul  the  substiiutioo 
has  been  so  gradual,  molecule  by  molecule,  that  not  only  (be 
external  form  bill  also  the  microscoiiif  sirutiure  lia>  Ixcn  [>cr/cctly 
reproduced.    Several  scantily  soluble  substances  act  as  petiifyin; 


* 
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FlO,  aji-  —  Puiilipil  lug*.  ci|H)tGil  In  vif.nltiFiing  oJ  luflt,  ArUnna.     (Phowfnpta 

by  Sini'lnir) 

material,  ihe  most  perfcd  rwull'i  being  pvcn  by  nllca.  A  silid- 
licd  bone,  or  tooth,  or  hit  of  wood,  diflers  (nim  the  original  only  in 
v«ight,  colour,  and  hardness,  and  when  a  thin  section  is  examined 
under  the  miiTOsmjie,  the  miniilvsl  dcliulK  of  structure  may  be 
made  out  as  perfectly  as  from  the  unaltered  original.  CaCO,  is  1 
very  common  petrifying  afpnt,  bul  il  often  obliterates  structure  by 
crystallizing  after  depostion;  le«s  usual  arc  pyritc  and  sidcrilc. 
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IL  Wbat  hay  be  learned  from  Fossils 


The  principal  value  which  fossils  possess  for  the  geologuit  lies  in 
the  axAlMancc  which  tlit!}-  give  him  in  rcconslruciing  tlie  histor)*  of 
the  globe.    'I'hi^  they  (l<>  in  several  ways, 

(i)  In  determining  GeologicaJ  Chronology. — The  niu»t  oh- 
•nous  way  in  which  to  make  out  ihc  rrlulivr  ages  of  a  series  ol 
stratified  roclcs  is  to  (Iciemiiiic  ilicir  order  of  supcn'osition,  for  the 
oldest  will  W  ill  ilw;  iHittom  and  the  newest  at  the  toj)  (see  p.  311). 
But  this  mcihod  is  of  only  local  applicslion  aod  will  not  carry  us 
far  in  an  endeavour  to  (xtm]>ik-  u  hislDry  of  the  whole  eurili.  Il 
cannot  enable  us  to  compare  even  the  rwks  of  different  parts  of 
tile  .-uunc  continent,  for  any  cxiMiied  section  is  but  a  small  frac- 
tion of  the  whole  s^rie:*  of  strata.  Mon,-  embarrassing  still,  strata 
change  their  character  from  point  to  point.  limestone  being  laid 
down  in  one  jtlace  while  sandstone  i»  accumulating  in  another. 
Still  less  can  the  order  of  superposition  help  to  determine  the 
relative  agen  of  rocks  in  ditlen-nl  cotiiinenls,  for  lhi^  onlt^r  in 
North  America  can  be  no  guide  to  the  succession  in  Africa  or  Aus- 
tralia. This  conclusion  does  not  imply  that  order  of  >uperposttlon 
may  be  safely  neglected;  on  the  contrary,  il  is  of  fundamcnliil  im- 
portance, Iml  it  must  be  studied  in  connection  with  the  fossJls. 

Life,  since  its  fir»t  inlnidunion  on  ilic  glot>c.  has  gone  nn  ad- 
vanHng.  diversifying,  and  continually  risinR  to  higher  and  higher 
planes.  We  need  nut  slop  to  Inipiifr  how  tins  pnigrcwion  has 
been  effected;  for  our  present  purpose  it  is  suf&cient  to  know  thai 
progress  and  change  have  been  unceasing  and  gradual,  ihnugli 
not  necessarily  occurring  nt  a  uniform  rate,  Accepting.then.  the 
undoubted  fact  of  the  universal  change  in  the  character  of  the 
organic  beings  which  have  succewivTly  \\wt\  on  the  earth,  it  follows 
th:it  rocks  which  have  been  formed  in  widely  sci>arated  ixrriods  of 
time  will  contain  markedly  different  (os.sils,  while  those  which  were 
bid  down  more  or  (ess  contemporaneously  will  have  simitar  fossils. 
1'his  principle  enables  us  to  compare  and  correlate  rocks  from  all 
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the  continents  and,  iii  a  general  way,  to  arranjEC  ihc  great  cvcnis 
of  Ihe  earth'*  histury  in  chronologit  ;il  ontcr. 

Tlic  general  principlp  that  similarity  of  fosMls  indicalet  ihc  ap-. 
proximate  tonlempiiraneity  of  the  rocks  in  which  they  are  found 
must  mil  l)c  taken  loo  literally,  for  it  is  subject  to  certain  limita- 
tions and  cxceplion». 


Fm.  t^.  —  Gcotoipail  mnp  afCcniml  Ncv  York,  sbowmg  ihr  bunal  provlnonii 
Ihe  Uppc*  DcroolMi  (I'orUGc  ttage).    (Clothe) 


i 


(fl)  Exact  contemporaneity  is  not  meant,  for  the  progress  of 
life  i»  \'ery  »Jaw,  and  itH'kti  formed  thousands  of  years  apart  may 
)«(  contain  precisely  i^imilar  fossils. 

(6)  Animals  and  plants  differ  in  difTercnt  parLi  of  the  worid,  50 
iliat  c»niemiM>rancous  rocks  fonncd  in  widely  Mparaled  legiocis 
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will  alwuji^  show  a  certain  amount  of  difference  in  tbcir  contained 
fovMls.  fn  com|iaring  the  rockn  of  two  coiitlncnLs,  it  i-t  nften  ex- 
cccdingl)'  difficult  to  decide  ju^t  how  much  of  a  ]pven  difference 
in  the  fossil!)  is  to  be  a^scritied  to  a  difference  in  the  time  of  rock 
fonnntion,  and  how  much  lu  mere  geographical  separation. 
There  is  a  i;rcat  difference  in  the  value  of  the  various  classes  of 
orgitni.'ims  for  rhmnological  puq^XNes,  the  m<i>t  useful  lieing  thoM: 
which  have  the  most  efficient  means  of  very  wide  simultaneous 
■lisporsaL  Such  are  the  pdagk  i>r)(itni.>im!i,  which  live  at  the  sui^ 
(.ice  of  the  open  sea  and,  either  alive  or  dead,  are  c»nied  for  vast 
di&tauces  by  the  ocean  currents, 

A  geograjibical  distinction  which  lihould  be  emphasised  is  that 
oi  fades,  by  which  h  meant  the  sum  total  of  environmental  con- 
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Flu.  >56.— Eau-uest  tMUoD  ihroui;li  area  |ivca  in  Fig.955.)boii'iiisclNUic«so< 
fodc*.    (QBike) 

ditions,  organic  and  inorganic.  Deep  or  shallow  water,  salt  water 
or  fre^i,  muddy  or  sandy,  or  rocky  bottom,  art  all  difference*  of 
and  quite  closely  adjoining,  strictly  contemporaneous  dc- 
may  display  them.  Differenl  a.it>em!>lage»  of  contempora- 
neous fossils  aifo  constitute  facial  differences;  thus  we  speak  of 
Ihe  praptolitic,  or  the  ccphalopod  factcs  of  a  geological  di\T.*ion. 

A  iM>\sible  Miurce  i>f  error  in  the  inferences  drawn  from  fossils 
lies  in  the  incorporation  of  more  ancient  remain>  waslicd  out  of 
an  older  rock  and  emlwdded  iti  a  new^-r  one.  Figure  357  is  a  pbo- 
Ic^aph  taken  on  the  York  River.  Virginia,  which  shows  fossil 
shells  waj.hcd  out  of  the  bluffs  and  lying  on  the  lieach,  where  ibcy 
are  mingled  with  modem  organic  remains. 

Despite  llwse  limilau'ons  vn  find  that,  ajwaking  broadly,  the 
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order  of  •succession  in  ttic  :i)i|ienrancc  anil  rxlinction  of  the  pr^ 
groupie  o(  ioKsiU  i«  much  the  same  for  aU  parts  of  the  eanli,  ami  itt 
may  confidenlly  assume  thai  the  grander  divi^ons  of  geological 
lime  are  uf  world-wide  Mgniricancc. 
It  will  now  be  easy  lo  understand  why  the  fiitujlft  in  two  grm^i! 
uncun[unna)>1c  «1rata  arc  generally  sn  radir^Uy  different.    It  t> 


F)U.  itJ7.— fouil  ihtUi  (Miofcnc)  I'lng  on  a  modi;ni  bcacb,   V-^<k    N'-».  ^'^ 
(Pholoetnjih  by  v«ii  IngenJ 


because  of  the  long  lapse  of  unrecorded  time  ai  that  pitinl.  diiriac 
which  (irganir  i>ni)^)«  continued;  when  deposition  was  ivsudmI, 
the  animals  and  plants  were  all  new,  and  so  the  chanRe  b  alirufC 
If  one  is  reading  a  Ixmk  fnim  which  A  doMn  cliapien-  have  btt* 
torn  out,  the  change  of  subject  will  appear  violently  abrupt:  !• 
bridge  mer  the  gap  one  must  find  another  copy  of  the  bat. 
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Ukewdae,  to  60  up  (be  gip  of  a  gn-al  unconformity,  wc  mu.it  gi>  to 
some  rcgiun  wberc  (IriKi-^iikm  wi-nl  on  unintcrrupicdly.  umI  there 
we  may  trace  the  gndual  and  steady  chanffc  in  ibe  fu^U. 

A  grolcyjcal  (hrunology  is  con»)ru('lc<t  by  carefully  determining, 
fin>t  of  all,  the  order  of  supeipceJUon  of  ilw  stralil'ted  tihIi.s  and 
next  by  leanung  the  f\.is>i\»  churactcrixtK.-  <>(  eiuh  Kruup  of  stnla. 
To  many  it  has  seemed  (bat  thb  is  reasoning  in  a  tinle,  but 
that  is  bctatcac  the  argument  is  nut  fully  ^lal(sl,  »nmc  of  its  str|)« 
being  omilled.  The  ordrr  of  sturrssiom  amtmg  the  /msUi  is  SettT' 
mitud  jrom  ihe  order  of  siiperposHion  0/  Ike  tlmta  in  w/iifh  tiiry 
9fctir.  ^Vhcn  that  succession  has  been  lhu§  estabtt^he<t,  it  may  be 
emplot'cd  as  a  general  standard. 

Great  jihyand  events,  j'Uch  a»  the  upheaval  of  mountain  ranges, 
widespread  transgressions  of  the  sea  and  chan^  of  climate,  often 
give  us  a  means  of  oi>n'elattng  the  strata  of  ditTcn-til  continents 
with  greater  precision  than  ean  Ik-  done  «ith  the  aid  of  fossils  t«dy. 
The  latter  are,  however,  indis|>en.iab1e  mcaii»  of  fir^i  delermining 
wltich  of  iIksc  cwnts  are  comparable  in  different  regions-  The 
Imlory  h  recorded  partly  in  the  nature  and  strut  ture  of  the  roclcM, 
partly  in  tlic  fossils,  and  partly  in  the  topographical  forms  of  the 
land  and  the  courses  of  the  streams.  By  c>iml)initift  ihese  differ- 
ent lines  of  evidence,  local  hbtorics  are  cons^truttcd  (or  each  region, 
until  from  these  the  story  of  (lie  whole  continent  may  be  compiled. 
The  com|iarativc  study  of  the  fossils  then  gives  ihe  clew  for  uniting 
the  hislorj  of  the  different  continents  into  Ihe  liUtory  of  the  earth. 
Much  nrmains  In  Iw  done  before  this  great  tank  can  be  accnm- 
plUhed.  but  already  we  have  an  outline  of  the  scheme  which  future 
invcMigatiims  may  fill  up. 

ft  necessarily  follows  from  the  way  in  which  sedimenlar>-  rocks 
are  formed,  and  the  lotal  n.-<ttirr  of  upheaval^  and  deprcMions  of 
land,  that  in  no  sin;^  locality  can  the  entire  series  of  strata  be 
obMTved,  and  that  each  region  can  display  but  a  certain  propor- 
tion of  tlK  whole  record.  The  different  parts  of  our  continent 
are  of  vastly  different  ^<eolo^at  dales,  and  even  Ihe  same  area 
may  have  been  many  lintes  a  land-surface,  and  as  often  a  tea- 
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bottom.  Uncooforrniiies  morr  ur  Icm  widn4u«ad,  offer  a  natural 
and  convenient  mode  of  di%-iding  the  »^tra(a  into  groups,  but  ibc 
difficulty  vdlh  this  method  u  tbai  the  d^les  of  elevation  and  de- 
pfession  so  sddoni  comspond  in  difTcrent  region)^,  thai  divtsjon* 
thus  made  are  apt  la  be  of  ntore  or  lesa  local  ralidiiy.  The  onlr 
standard  yet  deviled  which  is  appjicablc  lo  all  the  wrurid  is  tbu 
founded  ujmr  the  progrc&s  ot  life. 

The  compari-'uin  Iwiwecn  human  history  and  geological  history 
Is  one  that  has  very  often  been  made,  but  trite  and  hackneyed  a» 
it  is,  it  is  none  tlte  less  in.slniciive.  The  hiiiory  of  d^'ili^ed  na- 
tions is  the  record  of  continuous  devctopmenl,  nut  without  rctro- 
greuiong  ai>d  pcriudi  of  comparative  sta^ation,  but  haiinj;  no 
actual  gaps  in  it.  I'or  (be  sake  of  convenienc'c,  hi.aory  i>  dividtd 
Into  certain  period*  in  accordance  »itb  the  predominance  of  cer- 
tain great  ideas  and  jirimriplcs,  anil  these  j>eri<ids  are  real,  repre- 
wnling  tlie  salient  facts  in  the  progress  of  devctopment.  Earii 
period  b,  however,  but  tl»e  outcome  of  the  antecedent  periods, 
and  the  ideas  and  principles  which  characterize  it  were  sfcwrfy 
maturing,  it  may  lie  ihrougti  t-eniuries,  and  even  after  otlicr  ideas 
have  risen  to  predominance,  older  ones  continue  to  live  and  influ- 
ence the  world.  Fur  example,  wlten  we  .'^pcak  of  the  a^  of  tht 
French  Rcvohilion,  wc  refer  to  a  time  when  a  certain  »t  of  politi- 
cal ideas  and  principles  were  the  most  striking  and  influential 
factors  in  the  development  of  the  citnlixed  world.  Iie^nning  with 
the  visible  changes  of  1789  and  ending  with  the  restoration  of  ifce 
Bourbons  in  1815.  But  the  tremendous  outbreak  was  slowly  pif 
paring  tbrougboul  the  dghteenih  century:  the  conflaforalkn  ns 
pr»iK>rtinnale  lo  the  matcriaU  that  had  Iwcn  gathered  for  it.  Nor. 
on  the  other  hand,  couid  the  effects  of  the  great  movement  te 
undone  by  the  telum  of  ihe  exiled  king.  To  dii.i  day  the  whole 
cinlized  world  fcets  the  cifects  of  the  convulsion,  and  the  enliit 
course  of  the  nineteenth  century  would  have  been  different  t)*>l 
for  the  French  Revolution. 

Mi-.lorian.4  arc  careful  lo  di.-stinguLth  lietween  erent<i  and  tk 
nl  of  tlictD.     Events  arc  continuous  and  bound  up  into  a  chiis 
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of  inns«juencei,  every  oni?  "f  wliith  U  (icpciidMit  upon  ulhcrs, 
while  the  recortU  may  be  scanty,  inlcrrupicd,  confuMid,  unin- 
Iclli^tile,  even  mLsleadiiig  anil  falsil'iud,  sd  lh;t[  i(  b  no  visy  toek 
to  write  Ki!4i>ry  accurately  and  without  attributing  undue  im- 
portance to  iliLi  or  that  principle  or  policy. 

These  cunsiderstions  fully  itpply  to  geological  historjr;  its  divi- 
sions arr  founded  upon  the  rise  and  culmination  of  great  groups 
of  animaU  and  plants,  which  ont;  after  anotlwr  have  ri:<«n  to  [>rc- 
dominancc  and  llicn  declined,  thrir  pbcc  being  taken  by  otbcn 
better  fitted  for  the  new  conditions.  The^e  sutceit-jve  culminalioos 
arc  not  sudden,  but  gTiiihi;iI  and  continuous,  and  the  beginnings 
of  each  group  are  to  be  found  in  times  long  before  the  period  oj 
its.  jireilonii nance.  Xor  i,s  decline  immediately  folhiwcd  by  extinc- 
tion; one  group  slowly  gives  way  to  another,  but  long  after  the 
firM  ha.^  cea.<«d  to  In;  the  priixipal  fat-l  in  the  world's  life,  it  may 
linger  on  tn  diminished  importance  until,  pcTha)»,  it  finally  disap- 
pears. The  gcoloijica!  periods,  therefore,  like  bUtoncal  jieriods, 
bad  not  drfmile  iK-ginnings  and  endings,  for  one  slowly  fades  into 
another,  but  they  arc  none  the  leu  actual  because  the  line^  of 
separation  lietu-cen  them  must  often  }k  somewhat  arbitrarily 
drawn,  and  they  cannot  always  be  made  to  correspond  in  differ- 
ent region*. 

In  geology,  as  in  history,  wc  must  distinguish  between  the  events 
and  the  rec<mU  of  them.  The  more  complete  the  recor<l»,  the 
iDore  obviously  continuous  and  gradual  was  the  course  of  ci'cnts; 
only  Itnjierfect  reconb  can  make  the  history  i«ero  broken  and  dLs> 
jointed.  As  our  science  was  lirst  devclo|>cd  in  western  Europe, 
where  Ibe  great  gruups  of  »trata  are  mo.ttly  >c|>arule<l  by  uncon- 
fnrmilies,  with  abrupt  changes  in  the  fossils,  the  older  ge^ogists 
wry  naturally  concluded  that  the  great  division^  of  gci>)o(;ical  time 
werr  marked  by  frightful  catastrophe*  which  dcvBstaieil  the  earth, 
destroying  ev«ry  living  thing  upon  it.  Each  group  of  rocks  was 
looked  upon  a<  the  product  of  a  long  and  tranquil  )ieriod,  and  il& 
fossils  were  believed  to  represent  an  entirely  new  creation.  Though 
uppuwd  by  some  (ar-M:eing  mindt,  the  doctrine  of  C-itaUropkitm, 
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an  II  was  called,  long  twid  sway,  but  was  shon-a  la  be  erroneous, 
when  the  ftiHy  of  geolugjr  wua  rarnMl  m  uther  [arts  nf  the  vrorM. 
Then  it  appeared  that  ibc  supposed  caiastropbcs,  if  the;  ocmrred 
at  all,  were  not  gciieraJ,  bul  fural,  and  that  let'ordt  missiiiig  in 
Europe  Itad  \xen  {>rc%n-rd, [laitially  at  least,  in  other  cooiinetUs. 
Enough  of  theie  missuig  KConU  has  been  recovered  i»  i^how  thai 
the  carlh'6  prngreu  was  not  by  a  series  of  abrupt  and  sodden 
dianj^,  but  by  a  continuous,  orderly  developcnent. 

Major  divuMons  of  gcologkal  lime  are  founded  up<m  ihe  more 
strilciiig  changes  in  the  animals  and  piaDts,  while  for  minor  divt- 
slofiv  tlte  tnorv  detailed  differences  in  ilie  organi»niK  arc  employed. 
Paraltct  with  the  diviiions  of  lime  run  the  groups  or  systcmsof 
the  strata,  for  characterizing  which  both  ll>e  phy^cal  nature  and 
structure  of  the  ntctif  and  the  loKtiU  arc  employed.  In  the  vrrr 
difficult  and  complicated  task  of  compiling  the  earth**  hi.-nory,  no 
kind  of  c%'idem'c  can  be  ignored,  and  wide  knowledge  and  sound 
judgment  are  needed  in  the  work,  so  that  no  particular  class  of 
rc<"r<K  shall  l)c  eillier  over-  or  undervalued. 

Though  ihc  goal  of  geological  inquiries  is  laconstrucl  the  hi»- 
lory  of  lite  eanh  as  a  unit,  this  goal  can  be  reached  only  by  the 
minute  and  exhaustive  study  nf  the  local  histories.  Each  of  the 
latter  has  certain  peculiarities  of  its  own  which  must  be  deter- 
mined, and  hence  arises  the  mulii|>lidty  of  local  names  for  gruups 
of  strata,  so  confusing  to  the  student.  Local  names  are  useful, 
because  Ihcy  nvoii!  ilic  nci-c«dty  of  premature  correlation*,  which 
may  lead  to  Ihe  direst  mistakes. 

(a)  As  Eridence  of  Gcogniphieal  Chftocn. — We  have  moi 
that  fn>m  the  composition  and  structure  of  the  stratified  nx^ 
ibemselvrs  much  may  be  learned  concerning  the  geognipfaicil 
conditions  under  which  they  were  formed,  and  u(  the  subsequent 
geographical  changes  of  the  region  in  which  (bey  occur.  FoeS^ 
supplement  this  information  regarding  the  body  of  water  tn  wfaici 
the  rocks  were  laid  down,  whether  fresh  or  salt,  deep  or  shalto*. 
r  or  far  fmm  Uml,  in  an  open  .-^a  i>r  a  dosed  ba^,  and  wbttlKT 
a  dosed  basin  had  occasional  w  constant  cummunicatiDn 
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with  the  ocean.  Most  of  tlie  mraiififd  rocks  which  now  fonn  part 
of  the  Und^urfacc  give  us  information  onJy  concirrning  Uic  former 
extension  of  bodies  of  water  over  tvlial  h.  now  the  lain!,  but  they  can 
tell  U!>  nothing  of  the  land  areas  which  ban-  disappeared  beneath 
the  :«ea.  In  this  conneclioi)  fos;>ib  are  of  great  assistance,  for,  in 
ccrUio  instances,  the  dislriijuiiun  <if  marine  fossils  poinU  to  the 
presence  of  land  barrie^^  to  migration  which  no  longer  exist,  or 
to  a  continuity  of  coa&l-!ines  wliich  are  now  hroken  up,  while 
(he  fot^li  of  land  animals  may  demonstrate  the  former  existence 
of  land  l>ri(lge«  betKven  regions  which  have  long  l^eeti  Aeparated 
by  water.  Thus  it  may  be  shown  that  North  America  was  in- 
(juently  and  for  long  periods  of  lime  connected  with  Asia  across 
Ucring  Sea,  and  that  its  union  with  South  America  is  of  geologi- 
cally late  date. 

(3)  As  Evidence  of  Climatic  Cbanfes. — The  remarkable  cli- 
matic changes  through  whith  various  parts  of  the  earth  have 
pa.'i'<ed  are  indicated  by  fo^MJls.  Indeed,  with  the  exception  of 
facial  marks  and  ice-formed  deposits,  fossils  ofler  almost  the 
only  inistworthy  evidence  available  as  lo  changes  of  temperature. 
Thu.s,  when  we  find  in  the  rwks  of  Greenland  (he  remains  of  cx- 
tenMvc  forests  of  such  trefe  as  now  grow  in  lempcrafc  latiludes, 
the  only  potuible  inference  is  that  Greenland  now  ha.-'  a  far  colder 
climate  than  when  thocc  forests  existed.  The  same  conclusion 
follows  from  tlte  presence  in  the  riick»  of  Wyoming  and  ItUho  nf 
great  palm  leans  and  other  subtropical  plants  associated  with  the 
bones  of  crocodiles  and  other  replile-*,  such  as  live  only  in  warm 
regions.  In  di-[>0Mts  of  a  far  later  date  occur  Itoncs  of  the  rein- 
deer in  MUthem  New  England  and  in  the  south  of  France,  walrus 
bones  in  the  .■■and-'  of  N'ew  Jervy,  and  ihnse  of  the  musk-ox  in 
Arkansas;  ail  of  which  shows  that  at  one  time  these  re^ons  had  a 
much  colder  climate  Uian  at  present. 

The  evidence  as  to  climatic  changes  which  is  preseoled  by  fos- 

iiL«  must,  however,  be  treated  with  great  caution,  l)e<:auM;  even 

neariy  allied  s]>ccJcs  often   ban  entirely  different   habits,  and 

flourish  in  quite  dJITercnt  dimales.    >fast  fosiils  belong  to  exilnd 

J ^H 
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flpedes,  i&  to  whose  climalk  relations  wi-  liavc  no  knowlcdgr- 
Before  any  concluiiion  concemiD);  chaofscs  of  climate  can  be  n- 
((arded  a§  established,  trc  should  have  (Iw  IrMinniny  nf  ^^^iccic* 
still  living,  or,  if  that  U  not  possible,  the  evidence  musi  be  drawn 
from  large  afiscmUages  o(  ditTercnl  kind»  of  anim^^  and  pboU. 
Such  ail  enremeca.sc  as  the  fossil  plants  of  CrccnUiK]  is  sufficient 
evidence  without  further  comiboraiion. 


in,    CiASEincATiOK  OF  Geolocical  Tdib 

The  method  of  making  the  divisionn  and  Kul>divJMlons  of  geo- 
logical time  is  not  yet  a  fixed  one,  and  there  is  much  difference 
in  ttie  uvige  of  various  writers.  The  names  of  the  divifiotis  al^o 
have  been  given  at  various  times  and  in  many  lands,  according  to 
no  particular  system,  Moit  of  these  names  have  been  taken  from 
the  locality  or  <lL';trict  where  the  rocks  in  qiK^slion  were  fif*i 
studied  or  are  most  typically  displayed ;  as  Devonian  from  Devon- 
shire, Jur3»-ic  from  ihr  Juni  Mountains.  Sunie  are  named  from 
a  characteristic  or  prevalent  kind  of  rock,  such  as  Crelacwuis 
(Latin  crriu,  chalk)  and  CarlHiniferous.  Of  late  there  has  IxenS 
tendency  toward  a  more  uniform  method  of  nomenclature,  aoil 
to  the  u.se  of  one  wl  of  Ierm»  fur  the  divL'Jon.i  of  time,  and  to- 
other and  corresponding  set  for  the  divisions  of  the  strata.  Tbe 
grander  divisions  of  lime  arc  called  eras,  and  in  descending  order 
we  have  period}!,  c|)whs,  and  ages.  The  following  table  rcfmHO^ 
tlie  divisions  in  the  scale  of  time  and  the  scale  of  rocks  which  hire 
been  adopted  by  the  Inicntaiional  Geological  Congress. 

TiuB  SCALS  Rock  Scalr 

Era  Croup 

Period  Spt«a 

Ejioch  Serie* 

A«e  Stoip 

SutBtap 

Zune 
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I  be  obwrrcd  (hal  the  sulxJIvbion  is  carried  farttur  In  (hr 

nek*  dun  in  ihni  at  time,  timuw  o(  the  gtncrally  local 

'  ol  these  minor  subdiriaions.    The  names  employed  are, 

t.  ihr  Nune  (or  luth  u:a\t*,  and  we  tixik  of  ibc  PaUnuoic 

.  or  (iroup,  and  of  (he  Klurian  IVriod  or  System.    It  has  been 

pa«d  ID  gtve  iCfMnitc  names  In  ihr  dii,-t»toru  ol  the  two  khIo, 

this  would  be  an  improvement  in  scimc  respects. 

T\«a.*  ur  Majoi  (ftouMicJXDivmoMS 


ricEr* 


■IcRn 


PltlM«ici!n 


rre-TamWan  Erai 


t^aurratry  Pertod 
Tertiary  Vniod 
CrcMoniB  IVriotf 
Juntnk  Petiod 
,TiiaMic  Fmoi 
Ttihimh  Pcnra 
CMkwUmwrMud 
DcTCiifa*  Period 
SBurkaFtriod 
OTiUvlckn  PerM 
GunbrtM  Period 
AlioMikkn  Period 
Arcnuui  iVflod 
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ORIGINAL  COrtDITIOIT  OF  THE  EARTH  —  PRE-CAMBRLUI 

PERIODS 

As  wc  trace  rhc  higloiy  nf  mankin<i  luark  t»  very  aiK-icnt  ^raet, 
we  find  Uial  ihc  records  become  more  and  more  scaniy  and  lee 
intclligihic,  until  hiMriry  fittks  into  myth  and  tradition.  Of  a 
Mill  earlier  age  wrc  have  not  even  a  tradition;  it  is  frefiistonc. 
Similarly,  annun;;  the  geolo^cal  record'^  the  eariic»t  arc  in  a 
state  of  such  excessive  confusion  that  they  arc  exceedingly  diiS- 
cult  to  understand,  and  between  diiTerent  ohierven  ilierc  itn 
radical  differences  of  opinion  both  as  In  ihe  fnct§  and  as  to  their 
{n<ery>reiation.  Furthermore,  there  must  have  been  an  incunceif- 
ably  long  lime  earlier  than  the  most  ancient  rccnrded  periods,  w 
to  which  conjecture  and  inference  arc  Ibe  only  resource.  In  thee 
difGcull  »tTail»  astronomy  ofTurs  valuable  assistancv  to  the  bailled 
geologist.  The  Xebular  Hypothesis  is  a  scheme  of  the  dei-elop- 
ment  of  the  War  >ysiem  which  is  very  genersUy  scoepted  by 
astronomers,  in  some  form,  as  essentially  true. 

The  (crm  nebular  hyfiolhesis  h  usually,  though  T>ot  with  cxKt- 
ncss,  limited  to  one  particular  form,  accordin);  to  which  the  plM 
of  ihe  present  solar  system  wa.*  orixinally  occufnc<)  by  a  vast 
rotating  nebula,  a  ma<«!  of  intensely  bested  vapour,  or  pMsblir 
clouds  of  mctcoriics,  extending  Iieyond  the  orbit  of  ibe  oulernH4 
planet.  As  the  nebula  cooled  by  radiation,  it  contracted,  leanng 
t)chind  it  successive  rings,  like  ibow  of  the  planet  Saium,  but  on 
j_va*tly  lar^r  ?<jcale.  Tlie  ring^  kept  up  the  rotation  imparted  I'J 
ebula,  and  all  of  them  lay  in  nearly  the  same  plane.    Une4|ttU 
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contraction  in  rafioiis  parU  «f  each  revolving  ring  caused  it  to 
break  uji  and  gather  by  muiuai  attraction  into  maw«».  U  tiicsc 
rings  wcrecumpowd  ot  relalivelyunall  solid  maiLscs,  likcmclcoritu, 
or  if  they  had  solidified  by. condensation  of  tin-  va|>our>,  itit;  heat 
generated  by  the  collijjun.-i,  as  the  broken  ring  was  gjthcrcd  into 
K  moss,  would  suffice  tu  niis*;  ihc  tem|>(,Tature  and  liquefy  or 
vapourizG  the  nuuit.  By  revolution  the  nebulous  majors  would 
assume  a  s|>hcroida]  »hupc  ami  Ixrcomc  planets.  The  central  mass 
of  the  i>riginal  nebula  formis  the  &un,  which  is  still  in  an  inlcrucly 
heated,  incandescent  t-tutc. 

Another  form  of  the  nebular  hypothesis,  called  for  the  sake  of 
di»liiKrtion  tlie  PlantlcsiiMi  fiypolhfsis,  hx\  rewntly  been  pro- 
posed by  Professor  Chambcrlln.  This  iioslulalcs,  as  the  begin- 
ning (>f  the  Mitar  ftyilem,  a  spiral  nebula,  "  and  that  the  matter 
of  this  parent  nebula  was  in  a  linely  divided  solid  or  litpiid  state 
before  aggregation.  ...  It  regards  the  knoLs  of  the  nebula  a.4  the 
nuclei  of  the  future  planets,  and  the  nebtilous  haze  as  matter  to 
be  added  to  these  nuclei  lo  form  the  planets.  It  assumes  that 
both  tlK  kniits  an<]  the  particles  of  the  nebulous  haze  moved 
about  the  central  mass  in  elliptical  orbits  of  considerable,  but  not 
e)Kr«iiw.e«t;ntriiity.  .  .  -  It  ilcduics  a  relatirely  slow  growth 
of  the  earth,  with  a  rising  internal  temperature  developed  in  the 
central  part*  and  creeping  outward."  (Chamtwrtin  and  Salis- 
bury.) 

This  in  not  the  pla<»  to  di.'wuss  the  milence  for  an  astronomical 
speculation,  but  U  is  clear  that  the  hypothesis  regarding  the 
development  of  the  solar  s}-siem  which  w«  adopt  mu»t  conililion 
our  views  ait  to  the  carty  unrecorded  stages  of  the  earth's  history. 
Ftom  the  strictly  geological  standpwnt  tlic  most  iin|>ortant  differ- 
tnce  belvrecn  the  Nebular  and  the  Planctesimal  Hypotheses  b 
that,  according  to  the  former,  the  earth  h^is  parsed  tlirough  a 
gaaeotis  and  a  molten  stage,  an<l  tliorcfon;  must  have  formed  a 
crust  b}-  Molidificalion,  while  the  latter  leads  to  the  conclusion  that 
the  earth  has  been  solid  from  the  beginning,  and  coitacqiiently 
never  fonned  a  crust  of  ^olitliricalion. 
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THE  ntB<AMBStlAM  PE3U0DS-L  ARCBMJtS 
It  M  mdoitoaUc  tful  an  accodBt  of  hiilnJi  il  b'''4"«j'  ^|hiH 
Mceasarfly  begin  «ith  tbr  moM  dCcnlt  and  ofaicntr  [Mtt  of  ikt 
wink  lubject,  bui  the  DUtmeot  most  be  n  accat^Mou  with  tkt 
cbrMwlopnl  oitkr,  ud  iIk  nitfcw  rocb  an  the  Insi  intel^Mr. 
The  ardinary  cTtletU  of  tbe  Mstannl  ncthod,  namely,  tht  strati- 
gnplikal  5onc»ion  aixl  Uk  coopanHn  of  fossik,  fiil  us  bat 
aloMMl  endrelT,  aad  ibe  tMUy  war  of  comlating  ihe  mcks  of  Af- 
ferent regioRs  and  conlineDls  b  by  means  at  the  dnricten  of  the 
rockii  ihemaelTO.  In  the  pRsent  state  of  kiiowle<^  **  Ihhoiop' 
cal  nmilarity  "  n  not  a  tak  guide.  So  many  metamorpliic  focfcs, 
ooa:  nfeiTed  to  tbe  ArcbsMi,  Inve  pfoved  to  be  of  much  later 
dale,  that  fMne  cautious  gMlogbts,  who  have  no  confidence  in 
"  litbohipcal  similarities,"  prefer  itot  to  tee  the  tenn  Artkaam 
at  an,  but  (i>  en)|iluy  Incal  (emu  fur  ihe  uldal  ciystaltine  rocfa 
eipased  in  a  pvcn  district. 

Tbe  Archxan  tncludct  the  most  am-ienl  rocks,  oftes  spoken  vt 
as  the  "  baaement,  or  bual  complex."  Its  antitiaky  is  best  as- 
sured tn  reginn*  nrbcre  it  b  separated  by  thick  series  of  sedtracnl- 
ary  («■  metamorphic  rocks  from  the  Lower  Cambrian,  which  caa 
be  cerliiinly  tdcntlAed  by  iu  fouiU.  Tbe  character  and  rrlaliooa 
of  the  prc-Cambrian  rocks  differ  so  much  tn  dtEFcrent  arras  ih^ 
it  trill  be  be*t  to  describe  them  in  two  or  three  typical  regions.  In 
Ihe  Canadian  provinces  of  Quebec  and  eastern  Ontario  and  in  tlie 
Adirondack  Mountains,  the  olde^  roclLi  are  a  series  of  ittiensely 
mctainori>boeed  sediments,  including  great  bodies  of  limc^tnim, 
quartzitcs,  schists,  etc.  In  tbe  Adirondacks,  especially,  ihU  serie* 
b  Invaded  by  ciwrmou*  Imdir^  of  inliusivcs,  which  ]wrcc<lcd  and 
were  involved  in  a  great  period  of  metamor|^iism.  In  casttn 
Ontario  iIjc  tbicknet^  of  ihc  mctamoqihinwl  »ed!mcntaries  b 
exceedingly  great.  "  Along  its  whole  northern,  border  this  sedi- 
mentary wries  U  torn  to  piece*  by  an  enormous  volume  of  pi^i9' 
granilv  of  igncoiis  origin  which  rises  from  beneath  it.  and  whi>ii 
atong  its  mar^n  also  wells  up  through  it  in  the  form  of  grtit 
Inlrudvc  batbyllths."    Though  underlying  the  a>etamorphOH-<] 
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aedlmcntsof  tht Grf»''Ule  strifs,  the  gncbslc  gnnHt,or  LaurenliaH, 
Ls   tiie  younger,  as  tiie  amlact   is  an  inlruave  one. 

In  the  rcgiun  around  Lake  Superior  the  prc-Cambrian  rocks 
are  dUplaj-ed  in  enormous  ihickncs9  and  arc  divided  inio  j^roups 
by  fourgrcaHinconfonnities.  Of  thess  the  mosi  ancient  is  ihe  /fcr- 
watitt,  intensely  metamorphosed  rocks  derived  from  the  traasfor- 
mation  of  lava  flows,  tiilT*,  and  olher  voli-anic  rot-ks,  vrith  some  of 
jtedimentary  origin,  and  forming  a  great  scries  of  schists,  which 
are  undedaid  and  pcnclraied  by  (he  Laurenitan  giu-istjc  granites. 
It  immediately  sug^sts  itself  that  the  GrenviUe  series  of  the  east 
is  the  niuivali-ni  of  the  I^ke  Superior  Keevratin,  bul  the  com* 
mittee  of  Ibc  Canadian  and  Cnited  States  Geological  Surveys,. 
which  hx*  invi-ritigatL-d  these  problems,  report  that  they  consider 
it  "  iaadi-isable  in  the  present  slate  of  our  knowU-dge  to  attempt 
any  correlalioii  of  ibe'  GrenviUe  series  with  the  Huronian  or 
Kccivatin."  The  cla^fication  proposed  by  the  committee  is  con- 
tained in  the  subjoined  table,  though  emphasis  must  again  be  laid 
u(K)n  the  fact  that  no  equivalence  between  the  GrenviUe  and 
the  Keewatin  is  asserted.  They  may  be  separated  by  vast  periods 
of  time,  and  yet  both  must  be  older  Iham  the  intrusion  of  (be 
Laurenlian  granites. 


PRE-CAMBRIAN  ROCKS 


Lakk  Stmuuoa  Rkc>jon 
Kevemav&n 

rUppet 

UntPf/armity 

Hurannn        Middle 

( 'tttonfvrmily 

Vnt^f^otmity 
ICecK-alln 

Inlnant  lonlatt 
LauRnliaa 


Eastxiu*  Rkokui 


CrenvDIe  serin 


N-B.  —  In  lb*  ctuiific«tioa  adopicd  in  this  book  llie  Archxan  cuioprisn 
■he  Kcewalia  awl  Laurtatian  and  iiiubnbly  aba  ibe  GrenviUe  ktm*. 
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TTic  Arcfucan,  thci;,  is  eonipo<ed  of  compldcly  cry^alUne  toAi 
u(  v2tuni\  lyixrs.  ^la^vc  rock^  ^uch  a^  granite  and  IklsJc  CTn|>- 
lii-cs,  and  folMtc<I  rocks,  like  gncissoid  granite,  gnd;^  many 
varieti»  of  ttchi.sts,  are  intcnnin^cd  in  the  moH  intricate  wiy, 
s  characteristic  ucll  ex[>rcNsciI  in  ihc  oft-used  phrase  of  (he  ba^I 
or  fundamental  complex  for  the  Archeean,  The  ccini|iiintrQl 
mineral  particles  &how  plainly  the  intense  dynamic  mctamor- 
phism  to  which  they  have  Iwen  sulijecied,  in  their  extremely  coir- 
plex  arran^ment  and  in  their  laminated  and  cru^hetl  condition'  . 
The  rocks  thu5  refem-ii  U>  the  Arxhiran  arc  not  necessarily  all  cJ 
the  same  ai^,  but  thc>'  arc  all  of  vast  antiquity  and  older  than  nnj 
other  known  scries.  They  arc  i>f  very  greal  but  unknown  thkt- 
ne4s,  fiir  the  bottom  of  fhcni  is  nowhere  to  lie  seen,  and  even 
when  thrown  up  into  mountain  ranj^K,  ero^on  has  in  no  case  cut 
so  deeply  into  these  rocks  as  to  exjtose  anything  different  l>ek>w 
them. 

The  reason  for  uoitinK  these  rocks  into  one  group  i^  net 
merely  their  tikenev  in  com|iniitton,  which  is  not  a  sufficient 
criterion,  but  because  of  their  unique  and  uniformly  comjilei 
glruclur«,  their  rescmblan«!  to  one  another  and  difference 
from  any  other  group  of  rocks,  and  their  tn%-ariab[y  funda- 
mental po^iIi()n. 

The  IKKtribution  of  the  Archiean  Rocks.  —  Al  the  outset  of  our 
historical  sludic:s  it  iseN><!nlid  lii  utult^r'land  dearly  just  what  ii 
meant  by  the  term  tiislnliution  of  a  given  Jormation.     It  means: 
P  (i)  tlial  the  ^ven  rock  is  at  the  surface  over  a  certain  area,  dis- 

regarding the  tnvfring  of  soil,  drift,  or  other  loose  materials:  (j) 
that  the  concealed  extension  of  the  formation  Iteneath  newer  rocks 
may  be  confidently  inferred  from  surfncc  obser^-ations.  So  far  a; 
the  Archffan  rocks  arc  concerned,  their  surface  distribution  caa 
at  present  be  slotted  only  with  much  reserv-e,  for  they  often  gisde 
into  crystalline  schists  of  demonstrably  later  date,  and  much  (hat 
once  was  referreil  to  the  Areharan  is  now  known  to  \x  far  mon 
_  recent.    Accurately  to  determine  the  distribution  of  the  basal 

^^^coniplex  M^l  require  the  most  extensive,  minute,  luid  laborious 
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FiCi.  ajS. — M*p  of  known  pn^Cambiun  surface  ripoiurei  in   Nonh  AiMtlc*. 
Ite  bl««k  irou  arc  oiucropa 
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invpsligalirm.  The  noriliern  |iarl  nt  North  AmiTJca,  from  the 
Artlic  Ocean  to  ihc  Great  Lakes,  probably  iDcludiog  Greenkiid, 
is  made  up  i>t  ari  immense  area  of  K(-hi.srcl^e  roclts,  esttmalnl  al 
more  than  3,000,000  square  miles  in  extent.  Over  this  vast  irgion 
occur  numerous  areas  of  Arclia-:in  nx'ks,  hiil  it  is  iiol  yet  possibtr 
(o  say  how  much  of  it  belongs  ia  that  group  and  how  much  l- 
newer. 

Beside  this  principal  region  are  several  other  minor  ones.  A 
narrow  band  of  schistose  rotks  extends,  with  stimc  interruptions, 
from  Newfoundland  to  Alabama,  with  shorter  parallel  bell*  in 
eastern  Canada  and  New  l%nglan(l.  Another  great  axis  is  on  tlie 
«te  of  the  Rocky  Mountain  chain,  with  several  shorter  and  gen- 
erally parallel  Wlls  from  Mexico  to  Alaska.  Isolated  areas  occur 
in  Missouri,  central  Texas,  New  Mexico,  and  .\iizona.  In  all  ti 
these  regions  are  (oimd  rocks  like  the  Iy|iiial  Archieun,  which  stxni 
in  the  same  relation  to  the  newer  groups,  but  how  much  should  be 
referred  [o  the  oldest  -icries  Is  still  a  (juesllon. 

In  the  other  continents  occur  great  areas  of  very  ancient  gneisses 
and  cryMallinc  !«hi*l-.,  but  even  less  than  in  Ncirlh  America 
has  the  distinction  Iwcn  made  between  the  fundamental  com- 
plex and  newer  groups.  In  the  following  statements  no  attcnt^ 
is  made  to  determine  how  much  of  the  areas  mentioned  i&  properif 
Archaraji. 

Id  Europe  the  principal  area  lies  to  the  north,  covering  parts  ti 
Ireland  and  the  Highlands  of  Scotland,  with  which  wa.i  pmliably 
once  connected  the  great  continuous  mass  of  Scandinavia,  Finland, 
and  Lapland.  Considerable  area.s  also  occur  in  central  and  wutb- 
em  Europe,  as  the  central  plateau  of  France,  parts  of  GcnMBT 
and  Bohemia,  and  long,  narrow  belts  in  the  Pyrenees,  Alps,  and 
Balkans.  In  Asia  these  ancient  crystalline  rocks  are  found  in  the 
great  mountain  ranges,  *uch  as  the  Himalayas,  Altai,  etc.  Tbj 
make  up  a  large  part  of  the  Indi'an  i>eninsula,  and  are  extens«(r 
displayed  in  China,  Japan,  and  the  islands  of  the  Malay  Archi' 
pelago.  The  vast  central  fttateau  which  occup!(-s  so  much  rt 
AJriea  a  principally  composed  of  these  rocks,  which  are  abu 
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largely  expn*c<l  in  Amlralia.  In  South  America  siinUur  rocks 
ap{iear  in  the  highlands  of  Brazil  and  in  the  Andes, 

It  is  cxtimaied  ihat  tlie  Archx^n  rtM'ks  fi>nn  somewhat  more 
than  one-6fth  of  the  tand-surfacc  of  Ihe  earth ,  and  there  is  reason 
to  believe  that  they  are  actually  universal,  and  thai  a  lioring  made 
at  any  point,  if  sufficiently  deep,  would  encounter  them.  They 
are  found  at  the  bottom  of  many  deep  caAims,  and  borings  fre- 
quently penetrate  them  at  points  where  there  arc  no  surface  indi- 
cations of  ihcir  presence.  If  these  rocks  are  really  distributed 
m-er  the  entire  {;l<>bc,  tbey  arc  the  only  formation  of  which  this  is 
inie. 

Origin  of  Ihe  Archiean  Rocks.  — This  is  a  [miblem  which  has 
given  rise  to  a  great  deal  of  discussion ,  but  a  solution  appears  to  be 
near.  Independently,  in  many  countries,  ob»en-ers  have  reached 
the  conclu5.ion  thai  these  rocks  are  divisible  into  two  great  series, 
a  schist  scries  composed  chiefly  of  highly  metamoipbosed  sedi- 
mentary and  vokanic  rocks,  and  a  gncissoid  granite  scries,  which 
is  ininisi*v  and  later  than  the  former. 

Assuming  that  this  <'i>ncltision  is  true,  at  least  as  a  working 
bypotbesis,  it  invoices  certain  cufmus  consequences.  Surface 
lava  flows  and  volcanic-  tuffs,  an<l  still  more,  **(limcntary  rocks, 
necessarily  imply  a  solid  floor  upon  which  they  were  laid  down, 
bm  of  ihU  floor  not  a  trace  has  anywhere  been  found.  The 
question  immediately  arises,  what  has  become  of  it?  No  answer 
to  this  question  can  }%!  be  given,  but  apparently  the  most  likely 
suggestion  is  that  the  ascending  floods  of  molten  magma,  which 
gaw  ri»c  to  the  gneUsoid  granites,  must  ba^-e  melted  and  asnimi- 
laicd  it.  H  this  were  only  a  local  phenomenon,  there  would  be 
nothing  very  surprising  about  it.  but  it  would  seem  to  be  true  of  the 
entire  globe,  and  this  is  a  Martling  conclusion.  We  are  then  to 
suppose  that  a  solid  crrist,  however  formed,  was  for  a  very  long  time 
suffiiSently  rigid  and  stable  to  allow  a  great  thickness  of  sedimen- 
tary  and  volcanic  rocks  to  be  accumulated  upon  it  and  then  was 
ingulfed  and  destroyed  by  a  univtrtaliy  a.wending  magma,  though 
it  is  not  necessary  lo  suppose  that  this  took  place  simullancoust) 
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orer  the  whole  earth,  or  even  within  a  relatively  9J>or1  period  of 
tiiDc;  it  miiy  have  required  ^gcn  in  the  accomptuhmcnt.  i-'utlber- 
more,  it  must  uot  be  forgotten  that  remnanti  of  the  Auor  may  yet 
be  <)isci)vcrcs)  in  little-known  regions.  If  this  nunplclc  and  univer- 
sal a^milalion  actually  took  place,  it  b  an  absolutely  unique  {>hc 
ftomenun  in  the  recurded  lii--il«ry  of  the  eanh,  tliough  something 
more  or  less  similar  may  have  happened  many  times  befon:  that 
record  began. 

Many  other  b>'poihcscs  have  been  propounded  to  aocouiii  for  ibe 
origin  of  the  Arclwan  rocks,  but  ak  they  are  iiol  sui^portcd  by  any 
strong  evidence,  il  is  not  worth  while  to  consider  them  here;  se^'era) 
of  them  hai-e  been  formally  abandoned  by  their  authors. 

That  the  oldest  known  rocks  were  not  ihc  first  to  be  formed  i* 
manifest  from  the  derivative  nature  of  many  of  them,  for  sedi- 
ments necessarily  imply  some  preexisting  rock  to  furnish  the 
materials,  and  volcanic  outbursts  involve  a  solid  surface  thnnigh 
which  they  break. 

From  the  extreme  degree  of  dynamic  and  thermal  mctamor- 
phism  which  the  Arcbican  rocks  have  undergone,  we  should  not 
expect  to  find  any  recognisable  fuS6il3  in  them.  On  the  other 
hand,  there  arc  indirect  c«<lcnces  that  life  was  already  present  on 
the  earth  at  that  period.  The  limestones,  iron  ores,  and  )ixa|>hiK 
found  in  these  m<:k.<  appear  to  have  been  organically  accumulatr<l, 
but  it  is  possible  that  they  were  chemically  formed,  and  so  ifcc 
cxideiice,  wliile  prutjable,  is  not  altojjciher  conclusive. 


n.   ALGOHXIAS 

This  is  the  name  proposed  by  the  United  Slates  Geolo^al 
Survey  for  the  great  series  of  sedimentary  and  metamorpUr 
rocks  which  lie  between  the  ba.'^  .\rchxran  complex  and  Ihc  oMe5I 
Palnozotc  strata;  it  b  but  little  used  oulsi<lc  of  this  country  *nd 
B  not  umvcTsally  employed  even  here,  but  it  is  bepnning  to  make 
Its  way  in  Euro|>e,  ami  *erve*  a  useful,  though  possibly  a  temporair. 
purpose.     WbQe  it  is  pos^ble,  though  not  very  likely,  that  moct 
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advanced  knowledge  may  lead  iis  to  distribute  these  rocks  partly 
into  (he  Archxan  3n<l  partly  into  the  PaUcoiKiic,  yet  for  the  prcMnt, 
at  least,  it  is  better  to  form  »  !ici>iu'ate  gr:md  division  for  ihcm. 

TIm  Algoiikiaii  nxks,  which  are  widely  distributed  in  North  Amef- 
ica,  form  an  immcriMrly  thick  mass  of  strata  and  of  metamorphic 
rocks  which  are  believed  to  reprcsciil  those  strata  in  other  rtgiong. 
'I1>cse  mctamor|ihif  nuks  were  lung  generally  rrfcrrcd  lo  us  the 
Huronian,  which  was  regarded  as  tlie  upper  portion  of  the  Archxan, 
but,  so  far  as  can  be  learned,  they  (Hxupy  the  i^ame  stnttigraphical 
position  as  certain  little  changed  sediments,  between  the  funda- 
menta)  complex  below  and  the  Cambrian  above.  At  the  base  of 
the  magnificent  section  exposed  in  theOrand  Cafion  of  iheCoIorado 
b  a  i-ery  thick  masN  of  strata,  separated  by  great  un<tinfi>rmiiies 
from  the  Archaran  gneiss  below  and  from  the  overlying  Cambrian. 
This  taaiA  ix  again  subdivided  by  minor  u neon formi tie*  Into  three 
scries.  The  low-cr  series,  at  least  looo  feet  thick,  and  perhaps  more, 
h  made  up  of  stratified  quartzites  and  semi-crystalline  -.chistA,  cut 
by  intrusive  granite.  Above  this  come  nearly  7000  feet  of  sand- 
sione.%  vrilh  included  lava  sheets,  and  at  the  top  more  than  5000 
feetof  shales  and  limestones,  in  whiuh  a  feu*  fos^il^  have  been  found. 
The  two  upper  series  arc  not  at  all  metamorphic.  AU  these  strata 
arc  sa-cply  inclined,  and  upon  their  truncaterl  edges  rests  the 
sandstone  referred  by  Mr.  Walcolt  lo  the  Middle  Cambrian. 

In  centra!  Montana  U.  a  very  exten.ii\-e  exposure  of  .Algonkian 
rocks,  13,000  feet  thick,  composed  of  immense  bodies  of  sandstones, 
quartzites,  limestone.-!,  atid  hard  arenaceous  shales.  Tliese  beds, 
called  the  Belt  scries,  arc  upturned  in  the  Belt  Mountains,  and  uo- 
eonformably  o^vrlaid  by  a  Middle  Cambrian  sandstone.  "  In ' 
late  Algonkian  times  an  orographic  movement  raised  the  in- 
durated sediments  of  the  Belt  terrane  abo^-e  !iea-lc%'el,  .  .  .  f^nd] 
folding  of  the  Belt  rtxks  formed  ridges  of  considerable  elevation, 
and  areal  [atrial]  erosion  and  the  (Cambrian  .<ea  cut  away  in 
places  from  3000  to  4000  feet  of  the  upper  formations  of  Ihe  Belt 
lerrane  before  the  sands  that  now  form  the  Middle  Cambrian 
sandstones  were  depoated."     (Walcoti.) 
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A  >x.Ty  simitur  succeKuon  of  rtMks  (o  thai  of  the  Grand  Cafion 
is  found  in  the  Lake  Superior  rc^on,  intervening  between  the 
Arehaiau  complex  and  the  Upper  Cambrian,  from  both  of  whic-b 
tbcy  arc  separatcil  hy  great  unconfurmilKs.  As  in  the  (Jraad 
Cafl'vn  section,  tlie-^  rocks  are  divisiUe  into  four  »rie»  by  un- 
conformities. The  lower  two  series,  with  a  maximum  thickness 
probably  exceedin)^  5000  feet,  are  much  crumpled,  metamorphoied, 
and  sciDt-cr^'stallinc.  They  comprise  limestones,  quartzites,  mica 
schists,  etc,  cut  by  i^eous  dykes,  also  much  volcanic  tuff  and 
agglomerate.  Next  fullows  a  fwies  of  11,000  feet  of  less  intensely 
folded  but  still  metamorpliic  roeki,  quartziCes,  shales,  slater  mica 
schists,  with  dykes  and  inierbcdtied  sheets  of  diorite.  A  few 
fossils  have  been  found  in  ihc  quartdtes  of  this  seriet.  The 
fourth  scries  has  a  maximum  ihitkness  of  50,000  feet,  though 
usually  much  less.  The  lower  part  of  this  series  is  formed  by  thick 
lava  sheets,  iiilert)cddcd  with  sandKlone  and  conglnmeratc,  aixl 
above  U  a  mass  of  sedimentary  recks  largely  derived  from  the 
irolcanic  materials.  This  uppermost  series  is  by  sonte  atilhoritiei 
referred  to  Ihc  Cambrian,  hut,  in  the  absence  of  fossils,  there  seeou 
to  be  no  way  of  definitely  deciding  the  question. 

Over  the  great  Anha-an  area  o(  Canada  oicur  many  districtl 
of  melamorphic  rocks  which  ane  plainly  of  sedimeiitar}-  uHgia, 
such  as  cr>'stallinr  limestones,  schistose  conglomerates,  as  vccU 
a»  volcanic  tuffs  and  agglomerates.  In  the  Archaean  region  of 
Canada  and  in  New  England  the  Algonkian  melamorphics  seen 
to  grade  into  the  Archjcan  complex  without  unconfoimity.  Thfe 
apparent  conformity  may,  however,  verj-  well  be  due  to  subse- 
quent dynamic  metamorphism,  which,  as  has  been  proved,  nutf 
obliterate  ncnrly  all  traces  of  a  great  imconforrnity.  Through  the 
Rocky  Mountain  region  and  the  Pacific  coast  mountains,  the 
Archa-an  is  in  viTy  many  j>laceN  owrliiicl  by  great  thicknesses  o( 
metamorphic  Algonkian  rocks,  such  as  quarlKtes,  sandstones,  soH 
schL<ts  which  are  M^mctime-s  as  much  a.*^  13,000  feet  thick,  asinilie 
Wasatch  and  Uinta  mountains.  Other  isolated  areas  arc  found, 
a»  in  ihc  Black  Flills,  where  a  great  masa  of  schists,  slates,  and 
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quartates  is  separated  by  a  wry  marked  unconformity  from  the 
nrcriyingCUDbrian;  al»o  in  MLs.inuri  and  Texa.*.  Tlie  Algunkian 
rocks  of  the  West  have  not  been  subjected  to  such  extreme  folding 
a.<  have  mo^t  of  ihiwe  of  the  East,  and  hen<:e  their  di>tinctncNi  from 
ti>e  Archsmn  is  more  clearly  marked.  In  the  southern  Ap{>a- 
la>.l)iati^  are  itome  little  changed  strata  which  are  referred  (o  the 
Algonkun. 

In  other  continents  the  distinction  between  the  Arrhicaii  and  the 
Algonkiaa  is  beginning  to  demand  recognition.  In  Great  Britain, 
for  imtance,  an;  found  very  inlcresling  parilleb  with  ihe  Algnnkixn 
of  ibis  country.  In  Scotland  the  Torridon  sandstones,  8000  to 
10,000  feet  lhi<rk,  whi<'h  are  neiirly  huri/cmtal  amf  almost  un- 
changed, lie  unconforniably  tjctwccii  the  oldest  Cambrian  and  the 
basal  Archnran;  and  in  other  areas,  metamoriiltic  rocks  of  «<lt- 
ineniary  otigin  occupy  a  amilar  position.  In  Finland  and  Sweden 
10,000  feel  of  K^imentary  and  ifcneoti.i  ro<rk,<  and  M'histK  occur 
between  the  Archoean  and  the  Cambrian.  Many  of  the  crystalline 
EchLfLs  nf  ihe  F,uri>|N-an  pre-Cambrian  areai  U]>|)ear  to  corresjxnid 
in  character  and  position  to  the  metamorphic  Algonkian. 

Lately  the  fturprining  announcement  has  been  made  of  exten- 
sive glacialion  in  the  early  Algonkian  of  North  .America  The 
con^meratc  at  the  base  of  the  Lower  Huroni&n  of  Canada  b 
(cgaitlcd  as  of  facial  origin,  "  since  it  contains  angular  and  sub- 
angular  boulders  of  all  sizes  up  to  cubic  yards,  enclosed  in  an 
unstraiificd  matrix.  These  boulders  are  often  miles  from  any 
possible  source.  Recently,  slriaied  stones  have  been  broken  out 
of  their  matrix  in  Ihe  I^wer  Hun>nian  of  the  Cobalt  Silver  region, 
giving  still  stronger  proofs  that  the  formation  is  ancient  boulder 
ciay."    (Coleman,) 

In  South  .Africa  we  find  clear  evidence  of  three  distinct  ice  ages, 
before  the  dose  of  the  I'olDcnitoic  Kra,  and  the  most  ancient  of  these, 
which  cannot  lie  definitely  dated,  may  correspond  in  Itme  to  that 
above-mentioned  in  Canada. 

life  io  the  AJgonkiaa.  —  In  Ihe  Grand  Caflon  and  Montana 
(Icterminabte  fossils  have  been  found  in  the  less  changed  M<ii- 
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mcnts,  bul  (hey  are  too  few  and  scanty  to  tell  us  much  of  tlw  Ufe 
of  the  limes.  Evidences  of  life  are  tiut  wanling  in  the  mclaiDor- 
phic  rocks  of  the  eastern  and  norlheni  re^ong,  but  the)'  are  in- 
direct. The  strata  of  cry.-.iaUiceiI  limcNdme  are  indications  of  the 
presence  of  animal  life  in  the  Algonlcian  seas.  The  great  quantities 
of  graphite  diffu-ted  Ihrou^i  many  of  the  schLiLt,  and  the  bcd^  of 
iron  ore  likewise  ten<l  to  show  the  exislence  of  plants  at  the  raffle 
lime.  More  concluiive  are  the  determinable  fossUs  olytaincd  in 
the  Belt  ^erics  of  Montana  and  in  the  Grand  CaAon  series,  which 
Include  the  traclu  of  nurm^,  brachiopixU,  and  fragments  of  htrge 
Crustacea  referabte  to  the  Eury|>terida.  Such  remains  imply  a 
long  aniecedeni  hi-4tory  of  life,  the  record.'i  of  which  remain  to  br 
discovered. 

The  pre-Camlmaii  rocks  are  remarkable  for  their  wealth  of 
valuable  minerals.  Immense  accumulaliunt  of  iron  ore  occur  in 
Canada,  New  York,  New  Jersey,  ahmg  the  Ajipalachian.t  frora 
VirginU  to  Georgia,  in  Michigan,  the  Lake  Sufxrrior  region,  Mis- 
souri, and  the  Southwest,  The  great  copper  mines  of  Lale 
Superior  are  associated  with  igneous  rocks  which  inlerscd  sand- 
stones referred  to  the  Algonkian. 

It  will  Ite  i>l>viiiu»  to  the  ^tudcnl  hiiw  very  little  h  realty  knovn 
regarding  the  mosl  ancient  rocks  of  the  earth's  crust,  the  Archa^n. 
They  are cnornujusly  thick  melamorphic  masses  of  va.st  geograpft- 
ical  extent.  In  all  the  continents  ihey  form  the  foundation  u(WD 
which  the  oldest  fus^dliferous  sediments  were  laid  down,  and,  u> 
brief,  they  arc  ihc  oldest,  the  thickest,  the  most  wMcly  di^trilmtpl 
wid  the  mmt  iui|iiirtant  of  all  the  accesdble  constituents  of  tht 
earth's  crust.  Their  uniform  character,  wherever  found,  tb« 
cxlrcmc  ;>)icat!on  and  metamorphi.^m  which  they  have  undctgoiK. 
and  their  world-wide  distribution,  are  all  extremely  remarkable 
fealurcR,  such  at  recur  in  rocks  of  no  other  age.  Tite  Algooklao 
sedimentary  rocks  present  the  earliest  chapters  in  the  nTorded 
hi»lorj-  of  iife.  Tlie  pre-Cambrian  rocks  indicate  that  vast  periwh 
of  time  had  elapsed  before  ihe  clearly  recorded  part  of  the  eartb'l 
history  Iwgan,  a  lime  probably  longer  than  all  subscqucnl  periods. 
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Thk  Psioruzoic  U  ihc  oldest  of  the  ihrct  main  groups  into  which 
the  nurmal  fosnilifcruu.-^  strata  ar«  divided  i  it  ionns  the  fint 
legible  volume  of  l)ie  earth's  hUlury,  and  in  interpreting  it  epccu- 
tation  and  hypothesis  play  a  much  less  prominent  part  than  in  the 
pre-Canihrian  volume.  The  Paliwwoic  nKks  are  conglomerates, 
sandstones,  shales,  and  limestones,  with  quite  extensive  areas  of 
met  amorphic  hkIcv,  an<l  a.<siK-iated  igtieou:<  ma.H.S4.-.i,  Ixilh  vokanic 
and  plutonic.  ITic  thickness  of  these  rocks  is  very  (treat,  estimated 
in  Europe  at  a  maximum  of  100,000  feet.  Thi.-<  d(ie>  not  ira|>ly 
that  such  a  thickness  is  found  in  any  one  place,  but  that  if  the  mo^- 
mum  thicknesses  of  each  of  the  subordinate  divi^Jons  be  added 
together,  they  will  amount  to  that  sum.  In  this  country  more 
than  35.000  feet  of  Palftozoic  strata  are  expof«d  in  tlie  much 
folded  and  {vofoundly  denud«-d  .^ppidachian  Mountains,  but  in 
the  Mississippi  valley  they  attain  only  a  fraction  of  that  thickness. 
Tlicse  roiks  are.  in  the  vast  majority  of  aixs,  of  marine  origin, 
but  some  fresh-water  beds  arc  known,  and  vcr>-  extensive  swamp 
and  rivt-r  depivjls  have  i)reserved  a  record  of  much  of  the  land 
life  of  the  era.  especially  of  its  later  portions.  'I'hat  ihcrc  must 
have  been  land -surf sce.%  is  abundantly  shown  by  the  immense 
thic4ine»  and  extent  of  the  strata,  all  of  which  were  derived  from 
liw  waste  of  the  land.  Both  in  Euro]>e  and  in  North  America,  tlie 
(and  unn  were  prevailingly  towarri  the  north,  and  are  doubtless 
indicated,  in  part,  by  the  Rrcat  regions  of  the  pre-Cambrian  meta* 
mor](hic  rockk.  Tlie  geiKral  characlcr  of  the  Palarozoic  l>ed)( 
shows  (hat  they  were,  in  large  measure,  laid  down  in  shallow  water 
in  llie  neighbourhood  of  land.  Their  great  thickncts  indicates, 
*«  S4S 
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funher,  the  enormous  denudation  which  ihe  land  areas  u»def- 
went.  The  calculation  has  not  been  made  (or  this  country,  but 
for  Great  Briiain  Geikie  s.t.iles  lh.it  the  lower  half  of  the  Palinv 
zoic  group  rcprcscots  the  waste  of  a  plateau  larger  than  Spain  and 
5000  feet  high,  cut  down  to  ba!tc-le%'el. 

\'cr)-  widespread  disturbances  of  the  earth's  crust  before  the 
Ix'giniiiti);  of  the  Pala-iiwiic  era  and  at  its  clote  have  priHluccd  well- 
nigh  \iniversiil  unconformities  with  both  the  underlying  prc- 
Cambria]!  and  the  tn-crlying  MeKuzoic  rucks;  at  only  a  few  ]Mial5 
are  transitional  series  found. 

Eariy  In  Pala-ozoic  time  were  established  the  main  geogra|>liic3i 
outlines  which  dominated  the  growth  of  the  North  American 
continent,  —  a  growth  which  was,  for  the  most  part,  steady  and 
tranquil.  These  conditions  may  be  briefly  stated  as  the  forrca- 
lion  of  a  great  interior  continental  sea,  divided  from  the  Atlantic 
and  the  I'acific  by  more  or  less  extensive  and  variable  land  aieai 
There  are  thus  three  principal  regions  of  continental  devdo|>- 
mcni:  Ihnse  t>f  the  .\llanlic  and  Pacific  border*  and  the  intcricff. 
In  addition,  the  eastern  border  is  subdivided  by  pre-Canibriw 
ridges  into  sulM>niinaic  areas  of  deptisiiion.  At  the  present  linx 
the  surface  rocks  over  the  eastern  half  of  the  continent  are  pre- 
vailingly Pala;o)[iiit,  extcn<ling  thteily  southward  and  soulfr- 
eastward  from  the  great  prc-Cambrian  mass  of  the  north. 

Pal:enxoic  time  wa«  of  vast  length,  |>erha])s  excice<ling  that  of 
the  combined  Mesozmc  and  Ccnozoic  eras. 

The  sulidivisions  of  the  Pabnuzoic  are  i-ery  clearly  raarlud. 
locally  often  by  unconformities,  but  on  a  wide  scale  by  tfac  chongn 
En  the  character  of  the  fos-sils.  There  b  some  difference  in  die 
practice  concerning  these  divisions,  nut  as  to  their  limits  or  o«l« 
of  succession,  but  merely  as  to  their  rank,  whether  certain  ores 
should  be  called  KyslemR  (perii>ds)  or  series  (epodis).  TbJi  is 
a  difference  more  about  names  than  facts.  The  successive  swp 
d(  organic  and  geographical  development  are  brtt  dispUj'ed  by 
dividing  the  group  into  six  systems,  or  periods,  which  are  as  fol- 
lows, beginning  with  the   oldest:   i.   Cambrian;   1.   Ordovkian; 
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3.  Silurian;  4.  Devonian;  5.  Carboniferous;  A.  Permian.  By 
many  gcologi&ls  ihc  Ordovician  and  Silurian  arc  comprised  in 
one  system,  and  the  Carboniferous  and  Permian  in  anollier; 
but  ihc  present  tendency  15  in  favour  of  miitniaining  all  six  iu 
equal  in  rank.  It  inuat  not  be  supposed  that  these  systems 
rcpre^nt  equal  spaces  of  time  ;is  measured  by  the  thickness  of 
rocks,  or  equal  geographii:ai  e.iicnt;  on  tlie  contrary,  they  are 
very  unequal  in  both  tlic»;  miwcts.  The  classification  means 
thai  the  six  sysiems,  or  periods,  stand  for  sppronmalcly  equiva- 
lent changes  in  the  character  of  the  animals  and  plants. 

Paleozoic  Life  possesses  an  individuality  not  less  distinctly 
marked  than  that  of  (he  group  of  strata,  which  demarcates  it 
very  shari>ly  from  tlw-  life  <if  nuoceedinj;  ]>eri(id,t,  and  gives  a  cer- 
tain unity  of  character  to  (he  successive  asscmbla^s  of  plants 
(Jtoras)  and  of  animals  (faunas).  The  era  in  remarkable  both 
for  what  it  possesses  and  what  it  tacks.  Among  plants,  the  vc(?e- 
tation  U  made  up  principally  of  Cryptogam:*,  »eaw«c()s,  fcms, 
cIub-DMsscs,  and  horsetuls.  Es]>enally  characteristic  are  the 
^gantic,  tree-like  club-mosses  and  bor«tail.t,  which  arc  now 
represented  only  by  very  small,  herbaceous  forms.  The  only 
flowering  plants  known  are  the  Gymnoi^terms,  the  Cycads,  and 
their  alKes;  no  Angiospcrms  have  been  -discovered.  Palameoic 
foTTKlH  must  ha\-e  been  singularly  gloomy  and  monotonous,  lack- 
ing entirely  the  bright  flowers  and  chan^ng  foliage  of  later  periods. 

The  Palaeozoic  fauna  h  largely  made  up  of  marine  invTrtc- 
bratcs,  in  the  earlier  [jcriods  entirely  so;  if.  so  far  as  we  have  j-et 
learned,  though  land  life  surely  l>cgan  licforc  Ihc  oldest  records 
of  it  yet  discovered.  Graptolites  and  Hydroid  ("oraU,  true  ^orals, 
Et'hiivoderms  (especially  Crinoids,  C)-stideans,  and  Blastoids), 
long-hinged  and  hingeless  Brachiopods,  Mollusca  (particularly 
the  Xautiloi<l  Ccphalojiuds),  and  the  crustacean  groujis  of  Tnto- 
iMtes  and  Euryplcrida  are  the  most  abundant  and  character- 
istic tyjjes  of  animal  life.  Insects,  centifwdcs,  and  spiders  were 
common  toward  the  cpd  of  the  era.  Cambrian  rocks  con- 
tain   no  fossil  wrtcbrates,  but  they  make  ihetr  apvcMXate  ijtt. 


k 


m 


¥ 


548 


PAU^OZOIC  ERA 


the  Ordovieian.  For  long  ages  the  only  verleljrates  wete 
fishes  and  vcrlain  low  tyi>cs  allied  In  ihc  fishes,  but  al  the  end 
of  the  DcvoDiao  and  in  the  Carboniferous  appeared  Ihe  Am. 
phibia,  followed  in  the  Permian  by  inie  Re|iiiles-  Tclccets, 
such  as  make  up  by  far  Ihc  largest  p^irl  of  (he  modern  fLih-fauna, 
b(>tl)  marine  and  freiili-wster,  as  well  as  birds  an<!  mammals,  ue 
entirely  absent  fmm  the  Pala-oznit, 

'Ite  overwhelming  majority  of  Palseoxoic  speetes,  and  cvta 
genera,  fail  la  pass  over  into  iheMesuzoic,  and  cvfti  in  the  Ixtga 
([roups  which  continued  to  flouri:>h  almost  a]wa)-»  a  more  or  k» 
complete  ilianp;  of  structure  Otiiirs,  wi  that  Polxoxok  corals, 
EchinodcrmB,  and  fishes,  for  example,  are  very  markedly  distinct 
from  those  which  succeeded  thi^m.  The  tliffercncc  is  gcnenlly 
in  the  direction  of  greater  primilivcncss  of  structure  in  the  older 
form.t,  Pala-ozoic  types  standing  in  somewhat  the  same  iclatioo 
to  subsequent  types  as  the  embryo  does  lo  the  adult. 

In  the  vast  periods  of  lime  included  in  the  Palji-uKoic  en 
occurred  some  remarkable  climatic  vicissitudes,  which  will  be 
more  fully  described  in  the  succeeding  sections.  Times  of  widt- 
s|iFead  gtadalion  (n-curred  in  the  Li>wer  Cambrian  of  Norway 
and  China,  probably  of  Australia,  and  perhaps  also  of  South 
Africa;  in  the  Devonian  of  South  Afrir;i,  and  in  the  Pcrrniaii  <tf 
the  latter  region,  India,  Australia,  and  South  America,  perhaps 
also  in  Europe  and  North  America. 

Kor  most  of  the  era,  howxver,  the  climate  appean  lo  hsvr 
Iieen  mild  and  equable  on  the  whole,  very  much  the  saiiK  kittd^ 
of  animals  and  plants  occurring  in  high  as  in  low  latitudes.  In 
short,  we  can  detect  no  evidence  of  t  limutic  zones  as  being  di^ 
tfncdy  marked  in  those  periods. 

THE  CAMBRIAN  PERIOD 

The  rocks  older  than  the  coal  mea.'iures  were  for  a  long  tiiw 

bcapcd  indi»ciiminately  together,  under  .the  name  nf  Grevwsckt. 

Transition   Rocks,   and  were  little  regarded  by  geologies. 
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About  1831,  the  i>n>blein  <>(  ihr>e  iuidents  rock*  was  attacked 
by  two  eminent  Englisii  geologists,  Sedgwick  and  Murchison, 
who  soon  broufthl  order  out  »f  the  choot.  There  was  much  die 
cussjoo  and  dispute  as  to  the  limits  of  the  systems  into  which 
the  Gnywiitke  should  be  divided,  and  as  to  the  names  which 
•ibould  be  given  lo  ihcm.  The  oldest  fossiliferous  strata  were 
by  Sedgwick  i-alled  Cambrujti  (from  the  I.alln  name  for  Wales), 
but  were  ioeluded  by  Murchison  in  his  Lower  Silurian.  The 
latter  example  was  long  followed  liy  mml  geoli^isls,  but  the 
advance  of  knowledge  has  fully  vindicated  the  claim  of  the  Cam- 
brian lo  rank  as  a  distinct  system.  The  diviniun>  of  the  American 
Cambrian  are  as  follows:  — 

^.  Upper  Cambrian,  Saratogan  Epoch,  DikeSlott^atus 
Fauna. 

3.  Middle  Cambrian,  Acadian  Epoch,  Paradoxirla  Fauna. 

1.  Lower  Cambrian,  Georgian  Epoch,  OlaieUus  Fauna. 

Americaa.  —  In  North  America,  Cambrian  rocks  arc  not  ex- 
(>oscd  at  the  surface  owr  large  an'as,  Itelng.  for  the  most  part, 
deeply  buried  under  later  sediments;  their  maximum  thickness, 
so  far  as  known,  does  not  em-eed  1 3,000  feel.  Wliile  nol  forming 
extensive  areas  of  the  present  surface,  Cambrian  strata  are  very 
witlcly  distributed  over  (he  continent,  usually  renting  un<'om> 
fonnably  upon  the  plicated  and  metamorphosed  rocks  of  the 
■Archaran  and  Algonkian.  These  strata  arc  found  ui  t)ie  pre- 
Cambrian  depressions  from  (he  .Adirondacks  to  Ncwfoundlai>d, 
and  along  the  flank  of  the  Appalachian  uplift,  from  the  St.  Law 
rence  to  Abbama.  They  also  fringe  Archit-an  or  Algonkian 
ar«a.->  in  other  rc^ons,  as  in  WUconsin,  Mbsouri,  Texas,  in  tlie 
Rocky  Mountain  chain,  from  Colorado  to  British  Columbia,  utd 
in  the  mountains  of  Nevada.  Cambrian  beds  arc  exposed  in  the 
Colorado  Cafton,  and  doubtless  would  be  found  throughout  the 
larger  part  of  ilie  continent  w<ere  the  overlying  ljed$  Mripped 
away. 

So  far  as  they  arc  acce^«)!>le  lo  ol>scn-ation,  the  Cambrian  rocks 
are  chiefly  such  as  arc  laid  down  in  shallow  water  near  shore, 
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ft  way  that  beinys  their  ibait^vuer  or^tt.  Thar  are  ako  soat 
Ilea*  of  dcqwr  water  accnmuUtions,  found  id  the  thick  Brae- 
ftooet  of  western  VcnDont,  the  Appabcbian  MouWats*,  Nevada, 
and  Britith  Colambia.  Very  little  igneoof  rock  is  fonad  in  the 
Cambrian  of  Nonh  America.  Snail  totniMoiu  occur  in  New- 
fouocQaiHl  and  New  England,  and  quile  coosidrrablF  ones  ia 
Britikii  Columbia,  but  notae  of  tbe^  may  be  loo^  pcMt-Camhrian 
in  dale. 


Vlti,  059-  —  Mip  of  known  C«inbtiiu]  oolcroju  in  the  Uidled  SUMi  uil 


Ait  i*  Endlcaled  by  the  geographical  di»tribution  of  the  fosab, 
Norlh  AmeriLu  was,  in  the  C&mbrian  period,  divided  into  w 
provinces  of  very  unequal  fize  and  faunally  very  different.  The 
Atlantic  |)rovince,  comprising  Newfoundland,  New  Bruu?wicki 
Nma  Scolia,  and  New  England,  shows  so  close  8  conncctloo 
with  Europe  as  to  justify  the  infcmncc  that  in  high  latitudes  a 
land  bridge  spanned  tlu;  .\tlanlic,  or  ai  leaal  that  a  chain  d 
islands  and  shoals  pcrmillcd  the  migration  of  shore-loving  maiiM 
animals  from  one  continent  to  the  other.    All  the  test  of  Xoitll 


THE  CAMBRIAN  PERIOD 

'America  bclongt  to  the  Pacific  province,  thotigli  ihere  are  many 
local  faunas  within  ihat  vast  area. 

During  Cambrian  limes  ihe  wa  was  slowly  advancing  over  ihe 
land  in  North  America,  and  (he  geography  of  the  continent  was 
vcr}'  (iitTcrcni  at  Ihc  clase  of  the  period  from  what  it  had  Iwcn  al 
Ihe  beginning.  In  the  Lo«tr  Cambrian  the  land  areas  are  in- 
fcnrd  lo  have  been  aomewbal  as  foilowst  First,  Ihere  was  the 
great  Dorthcm  mass  of  crystalline  Archit^un  and  Algonldan  rocks, 
but  Uiis  wait  probably  much  more  extensive  than  the  present 
exposures  of  pre-Cambrian  rocks  would  indicate.  It  probably 
covered  the  whole  Mississippi  valley  down  to  30"  N.  lal.  and 
extended  westward  Ixytmd  the  Roc):y  Mountains.  Long,  narrow 
»trip6  of  land,  alternating  with  narrow  sounds,  occupied  pan 
of  New  Fn^and  and  the  maritime  (wtivini-rs  of  Canada,  while  an 
Appalachian  land,  whose  western  line  is  marked  by  the  present 
Blue  Rid^,  extended  eastward  an  unknown  distance  into  Ihe 
Atlantic.  On  the  mitetn  shore  of  the  Appalachian  land  nas  a 
narrow  arm  of  the  sea,  which  opened  south  and  nearly  separated 
this  land  area  from  ihe  great  mass  of  ihc  continent.  During  Ihc 
Lower  and  Middle  Cambrian,  this  long  and  narrow  bay  or  sound 
must  have  been  closeil,  or  only  occasionally  and  partiidly  opened, 
at  the  northern  end.  In  later  Cambrian  times  it  was  perhaps 
open.  The  site  of  the  Sierra  Nevada  wa.«  occupied  by  a  long, 
narrow  land,  running  from  Pugcl  Sound  to  Mexico,  and  another 
sikH  area  was  found  in  eastern  British  Columbia.  The  Great 
Bason  regton  was  under  water.  Around  these  shores  were  laid 
down  the  coarser  de]>ouls  of  Ihe  Lower  Cambrian,  with  great 
masses  of  shales  and  thick  limestones  in  deeper  w^ler. 

Middle  Cambrian  sediments  have  quite  a  similar  dij>tributiou 
lo  those  of  ibc  Lower,  but  Ihc  sea  was  slowly  advancing  over  the 
continent  from  the  south.  Nothing  is  known  of  the  condition 
of  Central  America  and  Mexico  at  this  lime,  but  from  Ariwna 
eastward  to  Alabama  ihc  land  was  submerged.  This  trans- 
gression of  (be  sea  ronliniied,  and  reacheii  xl*  maximum  in  the 
Upper  CambnoD.    Toward  the  close  of  the  period  a  lar^  yu^ 
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of  the  continent  hod  been  submerged  nn<),  in  partii-ulsr,  a  vast 
inlcrior  sea  had  been  tilablished  over  the  Mississippi  Valley. 

The  CambrUn  o(  Other  Continents.  —  In  Europe  the  Cambrian 
is  very  eMcn^iicty  (icvfliijjtd,  with  rcmarkabli-  dilTerence:^  of 
thicltness  in  cliffcirnl  n-giims.  The  inaxtnium  Ihickncss  occurs 
on  the  western  side  of  the  cootincnt  in  Wales  and  Spain.  In 
Wides  are  ao,ooo  feol  "f  conglnmcralcs.  sainisliinrj,  shales,  slate*, 
and  volcanic  rocks,  while  in  southern  Sweden  and  northnesieia 
RuitfiLi  the  eniire  periini  i.i  represented  by  only  400  feet  nf  ixsU. 
Much  of  the  Welsh  Cambrian  is  regarded  by  Professor  Pcnck  xi 
being  of  coniineiita!  origin,  with  occa.-'iorial  incur>irtn!*  i»f  the  wJ- 
Thc  Lower  Cambrian  afiiwars  to  be  limited  to  the  rmrth  of  Europe, 
while  the  Middle  Cambrian  witnessed  the  wideM  irans^essiun  of 
lhe«iH,  lieiisof  ihiscbtUriitcurring  in  France, Germany,  Bohemia, 
Spain,  and  Sardinia.  The  Middle  Cambrian  is  characterized  by 
ihcTriloliilc  genus  Pantdoxidts  (Plate  III,  Fid-  0)  which  U  very 
common  in  l^uropc  and  in  the  Atlantic  province  of  North  America, 
but  L*  not  found  in  other  part-s  of  the  latter  continent.  The  Upper 
division,  like  ihc  Lower,  is  restricted  to  northern  Europe,  so  tlut 
there  was  extensive  submerBence  in  the  Xtiddle  Cambrian,  Iwt 
A  wiih<lraw;il  "f  the  sc^i  Iwfore  the  beginning  of  the  later  portion 
of  the  period.  This  is  in  decided  contrast  to  the  geofcrapbicsl 
changes  of  North  America,  where  the  most  widespread  extension 
of  the  sea  took  place  in  the  L'pper  Cumbrian.  In  Russia  tbc 
Cambrian  wdiments  are  remarkable  fur  their  uncnnsnlidited 
condition;  some  of  them  look  as  though  just  abandoned  by  ik 
sea. 

In  Norway,  70°  N.  lat.,  have  l)cen  found  glacial  deptxili 
which  are  either  ba^al  Cambrian  or  late  Algonkian.  "Thertt- 
gtomcrale  in  some  [iluces  is  seen  tn  Ix-  formed  of  old  moraines.  .  .  - 
The  stones  have  not  the  habitus  of  water-worn  rolling  stones,  but*l 
ice-wom  Etones.  On  some  of  the  dolomite  ones  clear  gjadol  ^ri' 
were  observed.  ...  At  one  place  plain  i;lacial  striz  have  been 
found  upon  the  surface  of  the  hard  sandstone  under  a  ni 
conglomerate."   (Keusch.) 
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Cambrian  rwk*  cover  great  areas  in  easlem  Asia,  norlhcrn 
Siberia.  Korea,  and  China.  In  China  these  stnU,  i^hich  are 
but  little  <li»lurbc<i,  attain  the  great  thickness  of  10,000  feel,  and 
consist  predominantly  of  sandstones  ;iii(I  1imc<^i<ine».  In  the 
lower  part  arc  170  feel  of  boulder  clay  of  evidently  glacial  origin. 
"On  the  Yangt»;  River,  Ed  31°  lat.,  i.t.  as  far  south  us  New 
Orleans,  not  high  above  sca-Icvd.  a  large  body  of  };lacial 
mulcrial  was  dlM'overcd.  ...  It  demon.itratcs  the  existence  nf 
glacial  conditions  in  a  very  low  latitude  in  the  early  Fa!a»zoic.'* 
(tt'illis.) 

Cambrian  also  occurs  in  northern  India,  but  none  has  j-cl  been 
identified  in  Africa.  It  is  found  in  the  south  of /luj/m/id  and 
in  Tasmania,  apparently  Itelon^ng  in  all  three  of  the  dimions. 
Evidences  of  facial  action  have  been  observed  in  the  Au.»tralian 
Cambrian,  showing  (Hal  this  climatic  <h:mgc  was  not  local  but 
vcT)'  widespread,  especially  as  the  earliest  of  the  South  African 
ice  ages,  mentiimed  under  the  Algonkian,  may  have  Iicen  early 
Cambrian  in  date. 

In  Sottlh  AmerUd,  Canilman  ha!t  a.t  yet  been  found  only  in 
the  nonhem  part  of  Argentina;  it  is  apparently  referable  to  the 
Middle  diviwon. 

Cambrian  Life 


The  Cambrian  fauna  is  of  extraordinary  interest,  because  it  is 
the  most  ancient  that  we  know  with  any  fulness,  though,  of  course, 
it  docs  not  represent  the  beginnings  of  life.  Almost  all  the  great 
tjrpes  of  invertebrates  arc  already  present  and  very  definitely 
chancterizcd,  indicating  thai  life  had  lieen  <iiflereniiaiing  for 
a  vas(  period  before  the  lowest  Cambrian  rocks  had  been  laid 
down.  .A*  compared  with  the  fauna.s  of  oilier  Pala-i«oic  periods, 
that  of  the  Cambrian  is  very  scanty,  but  our  knowledge  of  it  has 
been  greatly  increased  of  late  and  may  be  expected  to  increase 
in  the  future. 

Though  the  .■iuccessire  Cambrian  faunas  have  a  vtry  uniform 
distribution  over  wide  areas,  ihcie  an  already  indications  o( 
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local  rfiffcrcnoes   which   mark   oul  fauniil  provinces; 

Lower  and  Middle  Cambrian  fossils  of  Newfoundland  are  more 

£1101111  to  those  of  Europe  than  to  those  of  the  Appalachian  and 
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mtcrior  regions  of  America.    A  fauna  of  similar  dale  but  diderenl 
{aciGs  occurs  in  Alabama,  and  farther  north  iu  the  Appalachians. 
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Of  Viaata  nothing  h  surely  known;  ceruin  marlu  on  ihc  Iwd- 
ding-plaocs  of  strata  have  been  regarded  as  seaweeds,  but  ibcy  are 
loo  ob»cute  for  detcrminatinn,  and  many  are  worm  tnLck«. 

The  fauna  k  principally  madt  up  of  Bracbiopods  and  Trilo- 
bitcs,  but  many  other  tj-pcs  arc  reprcscnlcd  also. 

Foraminifera  vfry  like  those  of  the  modem  seas  (Plate  I, 
Kip.  1 ,  2)  arv  found  c\ini  in  the  Ix>wcr  Cambrian. 

^KHigida.  —  Siliceous  Sponge*  arc  not  uncommon. 

CcBlententta.  — llic  Ilydrozoa  are  represented  by  the  Grapie- 
liUs,  a  fcriea  of  (ornw  which  are  confined  to  the  older  Pa- 
Ucozoic  rocks.  Dklyonfnia  (I,  6)  is  a  comjilex  Grnptalite, 
found  abundantly  in  a  thin  band  of  shale  near  the  lop  of  the 
Upper  Cambrian,  which  is  of  nearly  world-wide  di^lribution. 
It  ftbon's  the  great  value  of  the  organisms  which  live  at  the  surface 
of  the  open  »a  (pelagic  fauna)  in  lixing  contemjwr^ncous  dcpoMis 
ottx  enormous  areas. 

Other  Ilydroxoa  are  the  jellytish,  of  which  recognizable  casts 
have  been  found  in  large  numbers.  Slromatopora  formed  reeEs 
in  some  of  the  Cambrian  limestones. 

Il  b  still  a  question  whether  Corah  were  pre-senl  in  the  Cam- 
brian; certain  (okiIs  (Afhaoryathus,  I,  7,  8.)  which  by  some 
authorities  are  called  corals,  are  by  others  regarded  as  sponges. 
Though  suflicienlly  abundant  in  some  juuls  of  ihe  \Ve»t  to  form 
reefs,  the  genus  has  only  a  few  sjieties,  and,  ewept  locally,  they 
an;  nol  r<in^i>iruous  elements  in  the  fauna. 

Echinod«rmabi. — The  Echinoderms  are  rare,  and  bctong  to 
the  Cy>i"i(l*,  a  very  primitive  gr;K!c  o(  Ihe  iyi»c. 

Wonns.  —  The  presence  of  marine  worms  is  abundantly  in- 
dicated by  lubes,  tracks,  and  boring*  in  the  sands  which  hare 
now  consolidated  into  hard  rocks.  Ilyolithes,  a  worm-tube 
(T,  iR),  W  very  common. 

Artfaropoda.  — The  only  known  Cambrian  Anhropods  are  the 
Cnistoeea,  and  of  lliese  much  the  most  abun<iant  group  i*  ihal 
of  the  Tritobila,  which  are  altogether  confined  lo  the  Palsxaoic 
rocks,  and  are  by  far  ihe  mosi  important  of  Cambrian  fossils.    U 
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is  only  within  recent  years  that  the  systematic  posittun  ai  the 
Trilobites  lias  Ixaa  establislitrd  through  the  fortunate  diseov«ry 
of  spctimcus  with  iheir  appendages  attached  [sec  PL  \'II,  Fi(p.  i, 
I  a).  THtohiles  have  a  mtirv  or  lew  dLniiictly  ihree-)r(bc«t  body,  at 
one  end  of  which  is  the  head-shield,  usually  with  a  pair  of  fixed 
compound  eyes;  at  tlie  olber  end  U  the  tail-iihteld,  and  betwi.xn  the 
two  ^ihUrlds  h  a  ringed  or  jointed  body  made  up  of  a  variable 
number  of  movable  segments.    The  Trilobiles  diupky  an  ex- 
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Pi^TK  11.  — Cambrian  Trii-oiiitu 

B>tl) 

traor<lin3ry  variety  in  form  and  size,  in  the  proponions  of  the 
head-  and  tail-shields,  in  ihe  niiinber  of  free  »eginent.t,  and  in  the 
dei-clu|in)e[il  of  spines.  Already  in  the  Cambrian  this  wealth  «( 
Conns  U  notable,  though  far  \k>a  so  than  it  i>ecanie  tn  the  Or 
dovldan.  As  compared  with  those  of  later  limes,  the  Cuo- 
brian  Inlobites  arc  marked  by  the  (usually)  wry  sjnall  siae  of 
the  lait-shicld,  the  large  number  of  free  ivgrneots,  and  their  in- 
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aUtity  to  roll  themselves  ap,  The  large  Trilobitcs  with  long 
eye-lobe<i  are  veT>-  diilinetively  Cambrian.  Some  of  then),  like 
Para4oxida  (III,  6),  ore  very  large  (from  lo  inches  to  3  feet  tn 
length).  Oiendlui  (II,  i)  and  Utimia  (II,  i)  also  have  Ur^ 
species,  while  Agtutlui  (III,  9),  MUroduais  (III,  10),  and  Atefs 
(III,  8)  are  small  and  without  eyes. 

The  great  Importance  of  the  Trilobiles  for  Cambrian  strati- 
graphy is  indicated  by  the  fact  that  the  three  divisions  of  the 
svHiem  are  named  for  the  three  dominant  genera  of  the»  crus- 
taceans. OUtuilus,  Paradoxitia,  and  Diktlloff^alus. 

Two  other  divisions  of  the  Crustacea  are  found  in  the  Cam- 
brian: the  Ostracodii,  little  bivalve  forms,  whose  shells  look 
deceptively  like  those  of  molluscs;  and  the  Phyllffcaruia,  which 
have  a  large  shk-Id  on  ihe  head  and  thorax,  and  a  many-joinied 
abdomen,  with  terminal  spine. 

Bnchiopods.  — These  are  among  the  amal  abundant  oi  Cam- 
brian fossils;  most  of  them  belong  to  the  lower  order  of  the  cla^ 
{Inartuuiata),  in  which  the  shells  are  mostly  homy  and  the  two 
valves  are  not  articulated  together  by  a  hinge.  The  homy- 
shelled  types.  Linnarssonia  (I,  11),  I.ingnle pis  (I,  10),  and  I.in- 
gultVa  are  of  great  interest,  u^  ihey  diffi.-r  but  lillte  frvim  certain 
brachiopods  which  still  c.iist.  The  second  order  of  Brachiopods. 
the  Arikulaia,  which  have  calcareous  .<liells  connected  by  an 
elaborate  hinge,  were  more  common  in  the  t'ppcr  Cambrian. 
In  subsequent  periods  they  became  vastly  more  numerous  than 
the  Inarticulata,  and  throughout  the  post-Cambrian  di^'ision> 
of  Ihe  PalxoKoic  their  shells  are  found  in  incalculable  numtiers. 

The  MoUttKa  are  already  represented  by  their  principal  din- 
sons.  The  Petecypoda,  or  Bivalves  (I,  15),  are  of  very  small 
Mxe  and  found  wry  scantily;  their  variety  and  relatiiT  impottanct 
have  gone  on  increasing  ever  since  Cambrian  times.  Gasfroptde 
(I,  16,  17)  occur  in  small  numlwrs,  esi>eci.iUy  in  the  Upper  Cam- 
brian, Fossils  formeriy  referred  to  the  Puropoda,  but  now, 
generally  regardetl  as  worm-tulx's,  ore  among  the  most  frequent 
of  shells  found  in  these  rocks,  but  d)s[^ay  no  great  variety.    IV 
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CepMfipoda,  which  arc  the  highest  group  of  molluscs,  are  pcr- 
hu{]&  represented  In  ihe  Cambrian  by  Khelhi  which  are  rare  and 
minute  in  size,  and  almost  conlined  to  the  uppermost  part  o( 
the  Ky.Nlem;  that  t»,  assuming  tliai  the  liny  Volhortiiella  f(»und  in 
Russia  and  New  Brun^jwick  is  really  a  cephalopod,  but  this  is 
not  certain. 

The  Cambrian  fauns  displays  steady  progress,  being  distinctly 
more  advanced  in  tite  upper  tlian  in  the  lower  division. 
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Sir  R0DF.KICK  MuRcmsoN  dividi-d  hi^  great  SJlurkn  system  prt- 
marQy  into  two  parts.  Upper  and  Lower.  This  method  i>f  clasa- 
litalion  is  (centrally  fiiiliiwcd  c\xn  ;il  the  pn-sent  day,  allhnugjh 
it  is  widely  recognized  that  the  most  decided  break  in  the  cadir 
PaliEozoic  gniup  in  tht^  one  between  the:«e  divi.iiouii.  In  1S79 
Professor  Lapworth  proposed  to  give  due  emphasis  to  thb  di»- 
tincli«m  by  erecting  the  Lower  Silurian  into  a  separate  systeta. 
the  Of^-ician.  The  name  is  luken  from  llie  Ordtn-iti,  an  ancient 
British  tribe  wluch  dwek  in  Wales  during  Roman  times,  Lij^ 
worth's  example  is  now  largely  followed  in  England  and  the 
United  Slates,  but  on  ihe  continent  of  Europe  the  name  Silurm 
b  still  retained  for  both  systems. 

The  daKuficalion  and  subdivision  of  the  American  Ordoxician 
were  fii^t  worked  out  in  the  Slate  tA  New  York,  and  connequcBlff 
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the  New  York  scale  serves  as  a  standard  of  reference  for  the  rest 
of  the  contincnl. 

In  the  preceding  table  the  classification  lately  issued  by  the 
New  York  Sui^'Cy  ik  given  in  comparison  tvitti  thai  of  the  Welsh 
Ordovician.  It  is  not  to  be  supposed,  however,  that  the  sulidi' 
vWiMW  in  the  two  continents  are  exactly  equivalent,  but  merely 
that  they  <:orrcspon(l  to  one  another  in  a  general  way. 

DisTimirnos  op  Ordomoas  Rocks 

American. — Tlte  passage  fmro  Cambrian  to  Ordovician  was 
f^adua),  vrithout  any  marked  phjmul  break.  Only  where  the 
Upper  Cambrian  ia  sandy,  as  in  New  York,  is  there  a  decided 
change  in  the  character  uf  sedimentation.  In  the  latter  part  of 
the  Cambrian  a  great  inland  sea  had  been  established  over  what 
is  nuw  the  Miui-fMppi  valley  and,  with  fre<{uent  (luctuationM  in 
depth  and  modifications  in  form,  it  was  to  persist  for  long 
period;'  as  one  of  the  salient  features  of  Palaeozoic  geof[raphy. 
This  sea  was  separates]  from  the  Atlantic  by  the  land  mass  called 
Appalachia,  and  on  the  western  side  it  was  demarcated  from  the 
Pacific  by  Uiands  "f  un<letermiiied  size.  A  generaliwd  repre- 
sentation of  the  arrangement  of  land  and  water  in  <)rdo\iciao 
North  America  is  prest^nted  in  the  map,  Fig.  260.  Such  a  map, 
which  can  only  be  a  rude  approximation  to  the  truth,  is  con- 
Klrwled  by  marking  as  water  all  thojc  area.i  where  Ordovician 
rocks  arc  known,  or  confidently  interred  to  be  present,  even  though 
concealed  by  ovcrljing,  newer  strata,  and  as  land  those  areas 
where  the  Ordovician  is  wanting.  Frequently,  htnvever,  it  is  !m- 
poMible  to  determine  whether  the  absence  of  the  strata  is  due 
to  their  never  having  Iwcn  present  at  the  given  point,  or  to  their 
removal  by  denudation.  On  the  other  hand,  the  deep-lying  and 
tiuricd  exten.iions  of  the  strata  may  be  subject  to  many  interrup* 
tions,  of  which  there  is  no  surface  indication,  for  ancient  islands 
and  peninsulas  may  be  covered  over  and  concealed  by  newer 
strau.  Hence,  the  shorelines  appear  unduly  »m|>]c  fur  ibe 
«o 
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u  Ind.    The  ooadUtoa  of  Mexloo  oad  Cenlrai  America  b  not  hwmn 
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dclaQfl  have  been  dcj^troycd  by  croaion,  or  hidden  by  depc^tion. 
Most  atlcmptii  lo  reconstruct  on  a  map  llic  ti>ng- vanished  geo- 
graphy  of  some  ancient  jwriod  probably  ctT  in  the  direction  of 
not  muking  sulficicnl  alUiwLince  fur  the  remt>val  of  ihc  ^t^ata  by 
denudation.  An  example  will  make  this  clear.  At  Elmhimt, 
fifteen  talUr^  ivesl  of  Chicago,  from  which  ihe  nearest  known 
exposure  of  Devonian  rocks  Is  distant  eighty  miles,  and  where 
the  surfiKe  i>  made  by  a  Silurian  Umesionc  (Niagara),  was  found 
a  fisifirv  containing  Devonian  fossils,  brachiojiods,  and  fish  teeth. 
Tliw  prove*  that  Ihe  Devonian  once  covered  that  whole  region, 
but  has  been  entirely  swept  away,  leaving  hardly  a  (ntce  behind. 
"  The  piresencc  of  this  Upper  Devonian  fauna  at  Elmhurst,  buried 
as  it  i-<  dec])  down  in  ihc  Xi.igara  limestone,  indicutrs  with  cer- 
tainly that  during  ihc  greater  part  of  Devonian  time,  the  region 
now-  known  as  northern  lllinuli  was  aboie  sea-level.  ...  At  a 
later  pcnod,  near  the  close  of  the  Devonian,  the  sea  again  occu- 
pied the  region,  sand  was  sifted  down  into  these  open  joints  and  - 
with  it  the  teeth  of  fishes."    (Wellcr.) 

The  Cambrian  subsidence  continued  into  the  earliest  Ordo- 
Ti<.-ian,  "  when  more  of  the  continent  was  under  water  and  the 
sea  probably  deeper  than  at  any  subwquent  period."  (I'iricb 
and  Schuchcrt.)  At  the  end  of  ihc  Bcekmantown  st;ige,  extensji-c 
geograpbkal  changes  occurred;  two  parallel  folds,  extending 
from  Alabama  lo  Newfoundland  and  following  the  trend  of  the 
future  Appalachian  Mountains  and  the  Cambrian  trough,  were 
raided  as  li>w  barriers,  whiih  played  a  very  important  part  in 
Mparating  Ihe  Atlantic  from  Ihe  Interior  Sea.  Indosed  between 
these  parallel  folds  was  a  narrow  basin,  which  was  frequently 
invade<l  by  ihe  sea,  though  rarely  completely  submerged  from 
end  to  end.  At  the  same  time  there  was  a  widespread  elevation, 
which  gtwitly  reduced  Ihc  area  and  depth  of  the  Interior  5>ca,  but 
comparatively  soon  there  followed  a  less  extensive  submergence 
iChazjf)  txjlh  at  the  #iiuth  and  in  the  north.  In  the  latter  region 
a  long,  narrow  gulf  extended  up  the  valley  of  the  St.  Lawrence, 
dividing  at   the  Adirondack   Nfountains  and  sending  one  am 
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where  now  iis  tbc  vallejr  of  the  Ollawa,  and  the  other  oi'er  the 
present  site  of  Lake  Champlain.  Aootber  narrow  bndy  of  water, 
callcil  thr  Ix-vi*  chiinnd,  iind  lit'Iicved  to  Ijc  separate  from  the 
Chazy  bay.  though  very  near  to  it,  extended  from  N'ewfoundliuid 
into  the  nnnheaxlem  oonier  nf  New  Vrn-k.  From  ibc  south, 
the  invasion  extended  into  Kentucky  and  Tennessee  and  persi^ed 
for  3  ion^r  lime. 

In  the  upper  MissisHppi  valley,  the  lower  Ordovician  limestonn 
are  followed  by  a  very  extensively  developed  sandiionc  (tbe  .% 
Pcttr),  which  occurs,  at  the  surface  or  underground,  over  neaiiy 
the  whole  of  lUinoi.'i,  Iowa,  and  Missouri,  much  of  WiM^nxin, 
Minnesota,  and  Michigan  and  Indi.-uia,  and  smaller  p«rl5  of 
other  states  from  Kansas  to  Oklahoma. 

Tbe  Mi<ldle  Ordovician  (Mobawkian  series)  wax  a  lime  of  lime- 
stone-making on  an  extraordinarily  wide  scale,  which  implies  tbu 
the  Interior  Sea  received  Ickk  terrigenous  sediment  Iban  before, 
and  this,  in  turn,  probably  indicates  that  tbc  surrounding  lands 
were  low  and  dat.  and  that  the  slugjip.-ih  streams  carTie<l  liui  small 
loads  of  fine  sUt.  During  the  Cbiizy  age  the  Interior  Sea  bad  been 
reduced  in  sow,  and  nearly  all  of  Xew  York  was  above  water,  but 
a  renewed  siibmi:rgen<x-  again  cxienttcd  tbe  «a  owr  most  o( 
New  York  and  reopened  the  northeastern  connection  with  the 
Atlantic.  The  Muhawkian  limestones,  esfiecially  the  TrtMlen, 
occur  in  New  Brunswick,  New  York,  Canada,  over  tbe  upper 
Mississippi  valley,  in  the  Black  Hills,  Bighorn,  Rocky, 
Wasatch,  and  Uinta  Mountains,  and  (he  Great  Basin.  In 
Kentucky  and  Tenne.><see  unconformities  point  to  osdJIalions  of 
levvl.  emergence  and  submergence  altcrnatiug. 

Tbc  L'pper  Ordovician  consUu  largely  of  a  thick  mavc  of  shilcs 
(Vtka  and  l^rrainf)  formed  from  the  terrigenous  silts  spread 
widely  over  the  sea-bottom,  due  perbapa  to  an  elevation  of  the 
land,  which,  rejuvenating  the  streams,  iniTra*ed  ibc  loads  carried 
to  the  sea,  and  perhaps  also  to  a  concomitant  shoaling  of  tbe  srt- 
Theae  .shales  and  .slates  are  thickest  toward  the  east,  and  extend 
along  tbc  Appalachian  tine  from  the  Si.  Lawrence  to  Tennesm 
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ami  westward  into  Indiana.  The  northeaslcm  jia^saRe  to  the 
Ailaatic  was  mure  freely  u[>ciicil,  unil  a  fauns  with  <^iri>ng  i^tm>]iean 
affinities  invaded  the  Interior  Sea,  though  not  for  long.  The 
immcnMrly  ihicl:  miu»  of  slialo^  un<t  flutes,  which  iK'nirc  in  the 
valley  of  the  Hudson  near  Albany,  and  follows  the  trend  of  the 
A|»])ibchian  Mounlain^i  to  Teime&ie<!,  was  once  regarded  an  a 
distinct  scries  (Hudson  Kiver)  and  placed  at  the  l»p  of  ihcOrdo- 
vidaii.  It  is  now  known,  however,  to  be  a  separate  facies,  repre- 
senting at  least  the  Trenton,  Vlica,  and  Lorraine  »la{^,  and 
p«»i)>ly  ihe  whole  of  the  Ordovician. 

The  upiwnno^i  uf  the  Ordovii,i.in  *.t;igw  {RieAmoitd)  is  most 
typically  developed  in  Ohio  and  Indiana,  with  a  litloraJ,  and  pcr- 
ha|>^  partly  continental,  fades  in  central  N'ew  York,  and  along 
the  Appalachians,  the  Onndu  conglomerate  and  Mrdina  sand- 
stone, which,  until  \-ery  lately,  have  been  regarded  as  the  base 
of  the  Silurian.  The  "eastern  Oneida,"  or  Shawangunk  grit, 
has  recently  been  prowd  to  lielong  to  the  upper  part  of  the  Silu- 
ritui,  and  is  therefore  of  much  later  dale  than  the  Oneida-Medina 
of  cenlrsl  New  York.  "Ulrich  has  n^xamined  the  Medina 
deposits  of  the  .-V{)palachian  region,  more  esjfecially  in  Penn- 
sylvania, Vir^nia,  and  Tennessee,  and  has  concluded  that  they 
arc  the  eai^tern  shore  deiKi^Ils  e'luivalenl  to  the  Richmond  series 
of  the  Ohio  and  Mississippi  vailej-s..  'i'liis  result  therefore  fortes 
Mraligraphers  to  place  the  line  separating  the  Siluric  from  the 
Oixlovidc,  not  at  the  Iwse  of  the  Medina  formation  of  the  New 
York  standard  section,  but  at  its  upi)crniost  limit  and  beneath 
the  ainton."    (Schucherl.) 

In  the  western  portion  of  the  continent  the  Ordovidan  b  not 
so  well  known  a.»  in  the  eastern,  because  it  is  so  generidly  buried 
ander  newer  strata,  and,  o\"cr  greal  areas  where  it  probably  once 
CJcbted,  it  has  (>een  removed  by  denudation.  In  the  I^iwerOrdo- 
ridan  great  areas  of  the  northwest  were  land,  but  these  were 
very  extensively  submerged  in  the  Middle  Onioviiian,  when  il*e 
8Ca  probably  corcird  mo^  of  the  Great  I'lains  and  much  of  the 
plateau  region.    The  t'p{>cr  Urdovician  is  much  more  rcorioed. 
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and  in  many  places  liri  unconformably  upon  the  Middl«.  fiointing 
to  cmcrgcncp?'  ami  [nnlongcd  ilcnuilation.  ThcGnal  Ba:dB,  ct 
that  ponjon  of  it  known  u  ibe  Nevada  tnuiKh,  nxim  to  tiatv  bets 
sulKnergnl  tliruughtnil  the  Orcl<iH<ian,  a»  it  had  JKicn  ID  tbt 
Cambrian,  and,  indrcd,  during  nearly  llic  whole  Falxonoic  en- 
Ontovldan  roclu  frin)(c  the  n'cstcni  xide  of  ihc  grrat  nonhcn 
prc-Cambrian  area  and  occur  in  the  islands  of  the  .\rctic  Sea. 

Aside  from  the  slow  and  gentle  oadllalions  of  lc\-cl  abo\t 
mentioned,  the  Ordorician  was  a  period  of  lianquillity,  generally 
»l>eal(infE,  without  violent  dia-ttruphic  niavemeiits,  nor  have  any 
signs  of  vokanocs  of  thai  date  iKvn  discovered  in  North  .America. 
Igneous  inlruMons  are  rare,  though  they  have  been  found  in  New 
York  and  in  the  Wichita  Mountains  of  Oklahoma,  where  llie 
deposition  of  Trenton  beds  was  followed  by  the  upheaval  of  the 
mounlains  and  Ihc  intniHon  of  a  grc-iit  ma»«  of  granite,  whtdi 
has  mdamorphoaed  the  overlying  sedimentarics. 

Foreigii.  —  In  F.urvpe  the  Ordovician  rotks  up]xar  to  have 
bevn  laid  down  in  two  distinct  seas  separated  by  a  ridge  of  land. 
Tlie  nortlieni  area  extends  from  Ireland  far  into  Ru.ssia,  trhik 
the  soulhcm  is  rcprcsentei!  by  nunH-mus  scattered  masses.  These 
rocka  cover  a  much  wider  surface  than  do  the  Cambrian.  In 
Great  Britain,  especially  In  Wales,  ihey  form  vcrj'  thick  ma3sa 
of  ihales  and  slater,  with  but  liitle  limestone,  intcrcalate<l  with 
much  volciinic  lava  and  tuff,  th<'  volianitr  activity  Iteing  la  vtty 
marked  contrast  to  the  quiet  of  North  Ametka.  In  Scandinavia 
these  rocks  arc  nearly  horizontal  linie^lonen  and  vhales,  and  in 
Rus^a  they  cover  very  large  areas  and  arc  so  pcrfccily  un<li»- 
turfxK)  that  many  are  still  incoherent  .««diments.  In  the  ^outhera 
sea  were  laid  down  the  Ordovician  strata  of  Bohemia,  Uemuwy, 
northwestern  and  central  France,  Spain,  Portugal,  Sardinia,  and 
Morocco. 

The  very  marked  difTcrencc  between  the  fossils  of  the  two  grcil 

European  areas,  and  llic  fact  Ihal  ihe Onloviiian  U^fidh  of  other 

continents  agree  with  those  of  northern  Kuropc,  while  those  ai 

icm  district  are  peculiar,  indicate  that  the  latter  region 
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was  «  partially  closed  sea,  which  occupied  ihc  Mediterranean 
basin,  tltoughexlendina;  far  beyond  lu  [>rc<rnt  lirnil.%. 

Asia  was  largely  abo\x  walcr  in  Ordoyician  times,  but  a  broad 
Indu^hinese  aca  covered  much  of  the  ciistem  coaft,  and  in  nortb- 
em  Siberia  are  great  areas  of  Ordovician  strata,  the  upper  mcm- 
\xr*  of  which  arc  red  sandntotie^  with  gyjisum  and  >.ilt.  This 
points  to  an  arid  climate.  Marine  rocks  of  Ordovician  date  are 
found  in  north  Afrita,  but  the  eijuatoriai  and  southern  rei(ions 
arc  highly  jifiruliar  among  ihc  continent*  in  the  «ry  subordinate 
part  taken  by  marine  rocks  of  any  period,  the  land  being  built 
up  almost  entirely  of  omtinentul  riK'k^.  In  South  Africa  a  thick 
series  of  barren  sandstones  underlies  marine  Devonian,  and  prob- 
ably ftonte  of  these  are  referable  to  the  Ordovician.  Ordot'idan 
roclu  are  found  in  Nrai  Zratand,  Tatmania,  and  the  southern 
part  of  Auilraiia.  In  South  America  tliey  are  not  extensively 
devclojK-d,  but  ha\'c  been  found  in  .\rgi'ntina  and  Peru. 

Tbe  CUoute  of  the  Ordovician,  so  far  as  at  present  known, 
wa.«  unifonnly  mild  and  e<]uablc,  as  uji^ieart  from  the  fossils  of 
the  Arctic  lands.  No  glatial  deposits  have  yet  been  discovered, 
though  arid  coiidition.H  obtained  in  iionhern  A.\ia. 

QoM  of  Ordovician,  —  .^t  the  end  of  the  period  came  a  time 
of  widespread  diMurbaiicc,  upheaval,  and  mountain -making,  the 
traces  of  which  arc  still  plain  in  North  America  and  Curoiw,  cs|m- 
cially  along  the  .\tlanlic  slope  of  each  continent.  In  Xoya  Scotia 
and  New  Brun'wiik  the  Silurian  strata  lie  imconformably  u|)an 
the  upturned  Ordovician.  .\long  the  line  between  New  York 
and  New  Knglaiid  the  Taconit  range  was  upheaved,  it»  rock$ 
gready  compressed,  plicated,  faulted,  and  melamorpbojcd.  Many 
of  tJw  it)-slallinc  schists  of  this  region,  it  has  Ixxn  proved,  were 
derived  front  the  metamorphosis  of  Cambrian  and  Ordovician 
«edimcniary  rocks.  Evidences  of  this  disturbanw  have  been 
traced  as  far  wuth  at  Virginia.  The  etTecU  of  the  upheaval  were 
nut  fell  in  tlte  nonlKm  part  of  the  Gulf  of  St.  Lawrence,  for  on 
Anticoati  Island  the  great  limestone,  which  was  begun  in  Ordo- 
vician limes,  continued  without  a  break  into  (he  Silurian.    The 
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disturbance  was  alonf;  a  Kne  of  especially  thick  aocumulaU<uM, 
as  appear;  from  the  cnmfKuativc  meaxurtmcni*  of  the  same  strata 
in  dilTerent  area^.  Tbc  Interior  Sea  appears  lo  have  been  enliidy 
drained:  at  all  cvcnt.i  no  de]>u»its  tranMti<Hial  lu  Ihc  Silurian  arc 
known  from  that  re^on.  In  the  West  and  Nonhwest  Urge  areas 
rcmninnl  l:in<i  fur  Um^  jjeriods.  but  tlie  Interior  Sea  wa<(  soon 
reestablished  in  the  Mississippi  valley.  Some  Darrow  strips  of 
land  n-ere  addeil  lo  the  margin  of  the  Cambrian  coasl5,  and  on  a 
line  running  through  southern  Ohio,  Kentucky,  and  Tennessee 
a  low,  broad  anh,  the  furmaiion  of  nhich  appears  to  have  Ix-gun 
early  in  the  Ordovician,  was  forced  up  by  lateral  compressioii. 
This  is  called  the  "  Cincinnati  anticline  or  axis." 

In  Kurope  ihc  disturbances  v.-hi<  h  bn>ught  the  Ordovician  (o  a 
dose  produced  their  maximum  cflecu  in  Enj;land,  Wales,  and 
the  Highlamis  of  Scotluml,  where  the  thicknc-'*  of  the  sediments 
is  greatest.  In  these  regions  the  Ordovician  beds  arc  folded  and 
often  greatly  metamorphosed ,  the  Silurian  stnu  lying  upon  tlieir 
upturned  edges. 

Tue  Life  or  the  Obijovician 

Ordovician  life  di.4plays  a  notable  advance  over  that  of  the  Cam- 
brian, becoming  not  only  wry  much  more  varied  and  luxuriutil, 
but  aU()  of  a  di.slinclly  higher  j;rade.  During  the  long  ages  of 
the  |>erii>d  aim  veT%'  decided  progress  vas  made,  and  when  the 
Ordovician  came  to  its  close,  all  of  the  great  types  of  marine  inver- 
tebrates and  mtmt  of  ihcir  more  important  subdivisions  had  tome 
into  existence.  In  a  general  way  the  life  of  llw  Ordovician  i» 
an  expansion  of  that  of  the  Cambrian,  though  but  little  direct 
connection  between  the  two  can  yet  be  traced,  and  evidently  there 
were  great  migrailoiiN  of  marine  animuU  from  some  region  which 
cannot  yet  be  identified.  Several  groups  of  invertebrates  altaincil 
their  culminalitin  and  licgan  to  dertine  in  the  Ordovician.  lyHom- 
ing  much  less  important  in  subsequent  periods.  Tliu.s  tlic  <ir«p- 
tolites,  the  Cystoidean  order  of  Echinoderms.  the  straight-sbeDed 
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Cephatopods  (orlhoceratitcs)  among  VIoilgscs.  and  Ihc  Trilobile*, 
were  iMvcr  m>  abunduiK  and  mi  varied  as  during  Ibis  period. 

Plants.  —  In  Anwrica  no  plants  abcn-c  tht  grade  of  sca\ve«ii 
and  ( orallim-  Alg»  have  been  discovered,  but  in  Eiiro|>e  a  few  of 
the  higher  Cr}'piogams  arc  doubtfully  icjKined.  TIk  lluru  of  ihe 
Devonian,  however,  renderi  il  highly  probable  that  land  plants 
were  already  well  advanced  in  iheOnlovkian,  aiwl  their  remains 
may  be  discovered  at  any  time.  This  must  remain  a  matter  of 
accident,  (or  the  known  Ord( irk taii  riK'k?'  are  almosl  all  marine, 
which  is  not  a  favourable  circunislance  for  the  prcscnation  of 
land  plantH.  Such  discoveries  ha^-e,  tn<leed,  already  been  k- 
ported,  but  the  cudencc  for  ihcm  is  not  satisfactory, 

Foraminifera  and  Radlolaria  have  been  found  in  a  few  regions 
in  great  numbers,  suflicient  to  prove  thai  llicy  were  abundant 
in  the  Ordovician  seas, 

Spongida. — SiH>ngcs  ue  much  more  numerous  and  varied 
than  in  the  Cambrian.  Of  cout^  it  is  only  those  s|>onfp»  with 
skelelonx  of  lime  or  flint  which  can  ))e  welt  pre^rved  in  the  (osmI 
slate,  and  of  these  the  Ordovician  has  many  (PI.  IV,  Figs.  1-4). 
The  horny  s|M>nges,  of  which  the  common  balh  sponge  i*  a 
familiar  example,  arc  necessarily  much  rarer  and  loss  satislac* 
tory  xs  fos!Mls. 

CoslenicTata.  — Tlie  GnpkiiUs  are  vcr)'  numerous  and  varied, 
wherever  coitdiUons  are  favourable  10  tlKir  preservation,  a.t  in 
fine-grained  rocks  with  smooth  l>cdding-p)anes.  The  Ordovician 
la  the  time  of  thcvt  culmination  and  is  especially  cbaracterixed  by 
the  double  forms,  with  rows  of  cells  On  both  sides  uf  ibc  stent 

Bttt— Mun.  «vC«>«nU(ni>/ii^>>MMlto,  latriiKtM.itt,  RKhwMl.  j.  OM^trtK* 
tni'ttm  lilfkh,  ■  >^  THnKi*.  ja,  rt'  i-i<».  •  IVicvm,  ■  >  1.  Sir-Kntrfi-  ■  »■ 
^M  llia.<IDiliiKlu>psd  >)hU,  •  S%.  tthftniod.    Ss.  r*' Hw.  «rflnii)B  •  (.    nfirr 


1!.,  *  S-  '•  .       -.   - 

■I,  OrtUi  rnrr-tnm  CohhI,  ■  4,  TnuM.  ■■'.  Tit  tamr.  laoil  nn.  iL^Mf 
ttrtftta  lf%r  £Kbv.,  <■   ^^  Tnnioa.    ij.   HrttrlilU   >mM»  H^a.  ■  *L  FiillMnil 

OatmrnmOt  Mfi»Aun(i  IWnn  ic  %,  rnBib.  i^a,  rtf  ttmr,  iu»  u«r  a  tcMnl 
nl**,  It^  7^  MBf.  tuMi  (Ml  of  Ibrul  n)i«L  ig.  ftr/t*mKimtl.i^  trrtrrmt  SamAt. 
■  I,  ltk»>H>B«.  !«,  Kittnifi"  MlttT^iHa  CMind  K  S.  RiclncBd.  t&«,  TU  ■»». 
Iitiliiy««l  KtiHt.  i;.  SffJumt-^  fUwm-ttmwm  Hit,  ■  >4,  KiitiM).  17^  m 
•nu.lwfiiiaAMl  ••(»».  <(.  ifftf^ira  mtJiita  Ssr.  >■  1.  Rltfam  1.  iSa,  Tit  •mm; 
fciMUxAa.  w. ir*ym *<»r>w«  itfrnn  CrHiwA  11  \,  Kk>»w*  ivn.  rWrmH.HH- 
■■ot  «i>«.    a^  rtjWi-M  «>Wa(  Kinow.  ■  t^  Ti  1  mm.    Ma,  fir  ••■■#,  ■—liiii  •)•■. 
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(see  PI.  V,  Figs.  1-5).  So  abundant  arc  the  Graptolitcs  ihil 
in  many  parls  of  the  system  they  itre  almost  tlie  only  fossiU,  and 
are  employed  to  divide  the  .<iubsta)^  into  zones.  Graptolitc 
zones,  with  Ihi-  same  or  closely  simii;ir  ^nt:nes  and  In  the  same 
order  of  succeayon,  are  found  in  Great  Britain,  the  St.  Lawrence 
and  Champluin  valleys,  and  in  Australia.  Hydroid  cinra]»,  Stn- 
maloctrium,  are  abundant,  and  form  rrcfs  in  the  Chsuy  and  Black 
River  limestones.  The  few  and  doubtful  Cambrian  Corah  aie 
succeeded  by  a  considerable  number  of  Ordovicinn  genera  and 
sitpcics-  Like  other  Pal.i-njioic  Corals,  these  are  characterUlically 
diRcreiu  from  the  rccf-buildcrs  of  the  present  day  in  showing  1 
marked  bilateral  ^ymm(^try  and  having  the  septa  arranjiEed  in 
multiples  of  four  {TflrndiriiUo).  Snlitai^'  cup-irorals,  like  Stref- 
Ulti^ma  and  Pelraui  (IV,  5),  and  compound  colonic*,  like  Coliim- 
nana  {W,  6),  arc  examjilcs  of  the  range  of  differences  afflann 
these  early  coral*. 

The  Echinodercnau  have  gre^ally  increased  In  imixn-iance,  and 
all  the  mail)  subdivisions  of  the  group  arc  represented,  all  of 
which,  except  the  Cysii)ids,  first  npix-ar  in  the  Ordo\ician.  The 
Cysioidea,  which  wc  have  already  found  in  the  Cambrian,  attain 
their  }|;n;utesl  development  in  the  Ordnvlcian.  In  the<tc  curious 
animals  the  body  is  cither  irregularly  shaped,  or  symmctricnt, 
with  a  >hiirl,  tajiering  stem,  by  which  the  anim^  wa^  attached 
to  the  scu-rtoor,  and  weakly  developed  arms.  The  body,  or  calyx, 
is  made  up  of  a  number  of  calcareous  plates;  when  these  plates 
arc  very  numerous,  ihcy  ore  of  irregular  size  and  arrangement 
(IV,  8, 10),  while  the  forms  with  few  plates  have  them  of  a  definite 
numlKT,  size,  and  shape  (IV,  9}.  Some  r)f  the  more  regular 
C}'sloidea  have  much  resemblance  to  the  true  Crimids.  The  bttcr 
arc  not  rare,  though  less  abundant  than  they  aflcruard  ticcaroe. 
These  animals  (IV,  11)  have  a  symmetrical  calyx,  with  long, 
branching  arms;  the  niiml>cr  and  arrangement  of  the  compo- 
nent plates  are  deliniie  and  characteristic  for  ea(,*h  genus.  Mwt, 
l>ut  not  all,  of  the  Crinoid.t  have  a  lung,  jointed  stem,  by  whidi 
they  arc  attached  to  the  sea-bottom.    I'he  earliest  Blastoidea, 
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represented  by  Blasloidocrinus  (IV,  ij).  appear  m  ihe  Chazy. 
ThLi  gcnu.'S  a  very  primitive  form  whiili  n-tiiins  nmablc  cystoid- 
ean  characters,  is  ihc  first  member  of  a  group  which  was  to  become 
im[K>iiaiii  in  a  long  »ub»equenl  (wHihI,  (he  CarlioniCcrous.  As' 
knnds  (starfishes)  and  Ophiuroids  (brittle-stars)  arc  found,  but 
i:ann')t  l>e  called  t:ijmmc)ii,  or  abundant.  The  Fthinoidea,  or 
sea-urchins,  are  represented  by  very  primitive  forms. 

Arthropoda.  —  The  Trilobiles  (PI.  VIl)  increaite  very  greatly 
in  the  number  of  genera  and  si^cries,  and  most  of  the  Cambrian 
^nera  are  re[>laicd  by  new  ones.  This  w  ihe  jieritxl  in  whkh 
the  group  of  Trilobites  attains  its  highest  dc\'clopment,  gradually 
declining  afterward  and  Ijcmmlnii  extinct  with  (he  dose  of  Ihc 
Palicozoic.  The  most  characteristic  and  widely  spread  genera 
of  Ordovidan  Trilobiles  are:  Asapkus,  Isoldus  (VII,  7),  Bu' 
maslus  (VIl,  7),  'J'riarlkrus  (\'n,  \),Ciiynment  (VII.  8),  Ctrau- 
rus  (VII,  6),  Trinudeus  (VI!.  4),  Addaspis  (VIl,  3),  Brontais 
(Vn,  5),  PlfrygomeJopus,  etc.  Thtse  genera  differ  in  aspect 
From  those  of  the  Cambrian  in  their  much  larger  tail-shields,  in 
ihdr  ability  |i>  roll  themselves  up  (see  VH,  jn,  8a),  and  in  their 
rounder  and  better-developed,  faceted  eyes. 

Other  Cru.'-tacea  mark  advances  in  tlie  Ordiivician.  Thus, 
the  Eurypterida,  a  group  which  dates  from  the  Algonkian,  and 
was,  destined  to  a  remarkable  develojimenl  [n  the  Silurian  and 
Devonian,  ts  represented,  though  not  abundantly.  Onraeoda 
uid  PhylUx^jriJa  undergo  no  marked  change.  Thai  terrestrial 
animal  life  had  already  begun  is  demonstrated  by  the  occurrence 
of  an  JiUKt,  Prototimex,  in  Scandinavia.  From  tliis  we  may  be 
assured  that  lerrc^lial  vegetation  was  already  established  and 
that  Ihe  atmosphere  was  fitted  for  the  existence  of  air-brcalliers. 

Brachiopoda.  — These  shdk  increase  wry  largely  in  abundance 
and  variety,  the  genera  with  hinf^  calcareous  shells  (Anicutala) 
now  gaining  the  U[>|>er  hand  and  reducing  the  homy-shelled  kincb 
lo  comparative  insignificance.  The  most  important  genera  are: 
Orthis  (V,  n);  Platyslnphia  (V.  u);  DalmantUa  (V.  14); 
PlecUmbonUet  (V,  15);    Kafintsiuina  (V,   16);    Ltptatu,  Stn- 
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fhimifJM  (V,  1;),  and  Hhymholrtma  (V,  ig).  Spine -bearing 
shells  begin  in  Zygospira  (V,  iS). 

Bryozoa.  — This  i*  a  jjroup  whii;h  ha*  yei  yieltlcd  no  rcpre- 
ficntalivcs  rrrnn  the  Oimhrian,  but  appears  abundantly  in  tlte 
OrdovicJan  (V,  6-*).  The  genera  differ  little  friim  those  which 
live  in  tho  rrmdcrn  seas. 

MoUusca. — One  of  the  most  auiking  diilerences  lietwei-n  Hic 
Cambrian  and  ihc  Ordnvitiiin  is  the  great  aiivancc  made  by  the 
MolluKS  in  the  latter  period.  The  Bivalves  {I'fletypoila)  are 
laj^r,  more  numenms,  and  more  like  modem  f()rm§  (sec  Fl.  VI, 
Kg*.  1-6).  The  Gastropoda  likewise  increase  notably  in  sLiie  and 
in  numbers,  especially  the  spirally  r<>ii«-d  shelh.  Ini|Kirtant 
genera  are:  Eolomarin  (VI,  8);  llonnoloma  (VI,  10);  Pro- 
tawarihia  (VI,  13);  TrorhoHema  (VI,  9);  Sladurea  (VI>  ij)- 
Nciiher  Bivalves  ivor  Gastmpoils  had  anything  like  the  relative 
importance  which  they  poisesa  in  modern  times;  the  iatEcJ*  all 
had  the  mouth  of  the  ^hcU  forming  a  complete  ring  (holosto- 
mate). 

Much  the  most  ^^igntlicant  change  in  the  MoHusca,  however, 
is  the  great  cxpanMon  of  the  Cephahpoda,  a  few  of  which  perhaps 
appr-ar  in  the  upjicrmost  Camlirian,  but  in  ihe  Onlovidan  h.ive 
become  one  of  the  predominant  elements  in  the  marine  life  of 
the  times.  The  CephaloptxlK,  which  are  the  highei^l  group  of 
mollusf,  arc  in  modem  lime«  represented  by  two  suborders; 
in  one,  the  s^julds  and  cuitlefuhes  {Dibratuhiala),  lite  shell  h. 
nidimcntary  and  internal;  while  in  the  other  (Trtrulrandtiata) 
the  flicll  is  external.  Such  an  external  shell  is  divided  by  trans- 
verse ffpfti  into  chambers,  which  arc  connected  by  means  nf  a  tube, 
Ihe  sifkttntle,  the  animal  living  only  in  the  terminal  chamlvr  at 
ihc  mouth  of  the  shell,  the  remainder  of  which  is  empty.  The 
only  existing  representative  of  the  Tetrabranchiala  is  the  IVarly 
Nautilus,  Intt  thnmghout  the  Mevimic  and  most  of  Ihe  Pal»s>2oic 
era.s  there  was  an  extraordinary  variety  of  these  chambered  shells. 
In  the  Ordovician  the  Cephalt>|Mi(lit  were  all  XaiUiioidt,  most 
nearly  allied  to  the  modern  Pearly  Nautilus,  with  chambeml 
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shells,  divided  internatly  liy  .-limple  septa.  Th«  cummonesl 
shell  o[  this  type  is  Orlhoceras,  which  is  a  slmght  ant]  vrry  clon- 
galc  cone  (VI,  i6>  and  sometimes  alialns  a  lenjtth  of  lo  feet;  the 
f^nu3  persists  ihroughoiil  the  I'^ilieozoic  »nd  into  the  Mcsozoic. 
Endacerat,  which  likewise  has  a  straight  >hell,  with  a  curiously 
complex  stphuncle.  Is  confined  lo  the  Onlovician.  Besides  these 
xtraighl  forms  we  find  curved  shells  like  Cyrltxeriis  {VI,  17),  ^ells 
like  Eiiryito-iilfj  (VI,  18),  and  SrhnrJtroeffiis  (VI,  kj),  which 
haw  the  young  shell  coiled  and  the  portion  formed  in  old  age 
straight,  resembling  un  OrtlmccriL''  with  Its  smaller  end  rolled  up 
into  a  coil.  Others  ag.iin,  like  TnxAolitfs,  have  the  shell  coiled 
in  a  L'irise,  flat  .spiral. 

A  peculiar  shell,  Cauulnria  (VI,  15).  which  has  a  four-sided, 
fjjTamidal  shaiw,  with  four  triangular  pieces  lo  close  the  mouth, 
is  a  genus  referred  lo  the  I'terfJiHHla. 

Vertebmt*.  —  The  curious,  tnail-dad  OUra<oderms,  primitive 
vcrtchralt:*  which  somewhat  rew'mble  llie  fi-ilies  in  ap[)cnrance, 
have  been  found  in  ihe  Ordovician  sandstones  of  Colorado  and 
Wyoroins-  As  these  remains  are  impcrfecl,  description  of  the 
Ustracodcrms  will  be  deferred  till  a  litter  chapter. 


CHAPTER  XXVm 
THE    SILURIAK    fUPPER    SILURIAN)    PERIOD 

TllF.  name  Silurian,  like  Citmlirian  ami  Oriinvlcian,  refer*  to 
Wales,  The  Icrm  was  pro|HJscd  byMurthison  in  1835  tor  a  grcii 
system  (if  Kiratik  nlde.r  than  the  Devonian,  and  was  taken  fnim  the 
Silures,  another  ancient  tribe  of  Britons  wliich  inhabited  part  of 
Wales.  Munhisiin  gave  great  exten^jun  lo  bi»  Silurian  syslen, 
including  in  ii  most  of  Sedgwick's  Cambrian,  bu(,  «s  already 
pointed  out,  the  present  tendency  is  to  divide  this  vast  succe»si<Ki  o( 
rocks  into  tlin-c  systems  nfcquii-alcnt  rank.  Ii  i»  imforiunute,  Bfid 
even  unjust,  that  Murchison's  term  sliould  not  have  been  relaintd 
for  the  more  iinporlanl  and  wi<lcly  dcvel(i[)cd  lower  dii'i*JiKi, 
now  called  the  Ordovician,  rather  than  for  the  upper  dirisioti 

As  in  theOrdnvitian  and  Devonian,  the  New  York  c1ad»fKati>in, 
^ven  in  tabular  form  liclow  in  comparison  with  ih^il  of  Wales,  i» 
the  standard  of  reference  for  tlie  American  Silurian:  — 


SILURIAN  SYSTEM 


Waus 

Ludlow, 
or  Clunian 

Wcniock, 
or  Salopian 

May  H>1L 
cr  \'aleniian 


Ca)-ugnn 
Series 


Ninjinran 
Series 


Nkw  Vorv 

Mtmliut  Stage 
Rondout  Stage 
CoblesJda  Stage 
Salina  Stage 
Gvielpli  Stage 
IjKkport  Stage 
Rochester  Stage 
Clinton  Stage 


N.D.  Until  very  lately  a  basal  scries,  the  Oswegan,  with  the 
Oneida  conglomerate  and  Medina  sandstone,  Ita.*  Iiern  regarded 
OS  the  lowest  member  of  the  Silurian,  but  ihix  is  now  referred  \o 
the  Ordovician.    (See  p.  $6$-) 
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AmericuL — The  ^neral  dbturbance  which  daned  (he  OrdcK 
vician  period  ai>pcars  to  have  grcfitly  iiKTc<i^-(l  the  extent  of  (he 
condnenl.  A  relatively  narrow  iirip  of  coast  laiwU  had  been 
u]d«d  lo  the  northern  pre -Cambrian  area,  con^x-rling  much  of 
Minnesota,  Ulwonsin,  and  the  province  of  Ontario,  northern 
New  York  anil  New  Jersey,  and  western  .Vcw  Engl.'in<i  into  land. 
Soulhem  Ohio  and  central  Kentucky  and  Tennessee  bad  been 
niited  into  the  Cincinnati  anticline,  but  it  i»  doubtful  n-helher 
they  remained  115  i^^lands  in  the  Silurian  sea.  Much  of  the  Interior 
Sea  bad  withdrawn,  but  the  emergence  wa>  not  long,  geolojpcally 
speaking,  an<l  the  sea  was  soon  reestablished,  but  with  entirely 
different  boundaries  and  connections.  What  cbanpjs  afTccicd  the 
land  masses  of  the  \\'e»t  and  Southwest  cannot  ycl  Ik  definitely 
determined,  but  the  absence  of  the  Silurian  from  extensive  areas 
where  the  Ordovician  is  found  indicjili-s  that  these  masics  were 
greatly  enlarged.  How  much  of  this  cnUrgemcni  came  at  a 
later  date  and  how  far  the  absence  of  the  Silurian  Lt  the  result  of 
denudation,  there  is  no  present  means  of  finding  out. 

The  Silurian  rocks  arc  far  thicker  in  the  East,  especially  along 
the  Api^alachian  range,  than  in  the  inlrrior  or  western  regions, 
where  they  thin  out  and  arc  wanting  over  large  areas. 

An  important  feature  in  the  Silurian  geography  of  ea<tern 
North  America  was  the  establishment  of  the  Cumbcriand  Basin, 
or  "  Appalachian  Mediterranean,"  as  it  has  been  called.  This 
large  sea  lay  to  the  eastward  of  the  Interior  Sea,  from  which  it 
would  seem  to  have  been  either  completely  separated,  or  so 
neariy  so  that  the  i'gx'cies  nf  marine  animals  inhiibiling  the  two 
bodies  of  water  were  %-er>'  diffcrcnt.  'I"he  Cumberland  Basin 
was  ea-Hl  of  the  CaLikiU-Helderlierg  line  in  New  York,  and  it> 
western  shore  crossed  New  Jersey  and  curved  westward  beyond 
the  centre  of  Penn.'iylvania,  whence  il  ran  liouthwesl  more  or 
less  parailel  with  the  Aj)[>alachian  liite,  toward  which  it  curved 
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essiward  in  »)uthcrn  West  Virginiu.  This  basin  began  apparently 
in  wcsiem  Maryland  and  adjoining  areas  vci)*  early  in  Silurian 
times,  and  attiiimicd  lo  grow  larger  and  decpiT  uniil  the  Di-vnnlan 
was  well  advanced.  'I'hc  Interior  Sea  underwent  a  succession 
of  oscillations  mtK-h  like  ihiim  which  liiid  alTc.ctcd  it  during  the 
Oniovician;  it  was  apparently  closed  at  Ihc  south,  but  extended 
northwe^wanl  to  the  An^tic  Sea,  while:  it.'i  i-a^l-vrvst  diameter 
had  been  Rrcatly  reduced  from  that  of  the  Ordovician. 

The  Mibmergvncc  which  inaugurated  the  Silurian  penod 
(i.e.  on  the  assumption  that  the  Medina  Is  projicrly  referable  to 
the  Ordmidan)  brought  the  Interior  Sea  up  to  the  narrow  barrier 
which  scpanted  it  fmm  the  Cuml)erlaiid  Basin,  and  in  it  were 
laid  down  the  Nedinienu  of  the  Clinion  .■■tage,  shales  in  the  east 
jtassing  westward  into  limtsioncs,  which  extend  through  New 
Vurk  to  Indiana,  and  perhaps  also  through  Illinois  to  Missouri. 
In  the  CiJtn)>erIan<I  Basin  llie  Clinton  <halr»  followed  the  trend 
oi  the  Appalachians  to  Alabama.  It  must  be  remembered, 
however,  thai  the  A|i|Kilachlan  Mountains  were  not  then  hi  eidsl- 
ence,  as  ,such,  but  they  were  foreshadowed  by  structural  lines 
of  depression  and  low  folding  which  exerted  a  defuiite  a>tiirul 
of  Ihc  troosl-lincs  and  basins  through  most  of  the  Palxoxoic  era. 
>J(irlheasn«anl,  the  Clinton  recurs  in  Nova  Scotia  and  at  other 
jxtints  in  ea'tern  Canada,  but  is  not  alwaj's  readily  idenliliahle. 
In  many  places  interstratiiied  concretionary  ha'matilcs  are  found 
in  the  Clinton,  especially  along  the  Appalacluim  line,  but  also 
lo  Wisconsin,  New  York,  and  Nova  Scotia. 

A  time  of  limestone  making  on  a  great  Kcalc  (the  lAnkpori  and 
Gutifh  slagcs),  preceded  in  New  York  by  the  Rtxbtikr  shales, 
folIowc<l  the  Clinton.  In  the  East  this  great  limc^lone  hiis  but 
a  limited  extension  southward,  but  southwestward  it  stretches 
for  nearly  looo  miles,  to  Wisconsin  and  thence  a«n>«  Illinois, 
Iowa,  Missouri,  and  wcslem  Tennessee.  Many  scattered  outliers 
in  Manilnba  and  the  region  wtsI  of  Hudson's  Bay  indicate  the 
probabi;  former  extension  of  the  limestone  unbrokcniy  lo  the 
Amic  ithofcs  and  islands.    Rocks  of  corresponding  date,  ImA 


$82  TIIE  SILURIAN  PERIOD 

down  in  ihcCumbertandBaidn,  but  «riili  marked  faunal dlffeTtncvi 
in  tbe  fc&siU  from  those  of  ibc  Interior  Sea,  «e  found  ia  westers 
Maryisiad  and  Virginia,  Xcw  Eni^land,  New  Bruiumcfc,  and 
Nova  Scotia.  East  I'cnocssee,  on  the  other  band,  was  elented 
at  lite  end  of  the  CUnlon  iX^ge  and  remained  as  a  land-Mirface 
till  the  middle  of  the  I>c\T>nian. 

Little  is  known  of  the  ^urian  of  the  West,  for,  aft  already 
{xiinlcd  uni,  there  b  reason  1o  bcltci'c  that  nearly  all  of  that  regioc 
WS3  then  ]and.  However,  Ibe  Nevada  irou^  continued  to  be 
submerged,  fire^uaubly  fcvming  a  gulf  from  the  Pacific,  and 
here  the  Niagara  scries  is  represented  by  the  upper  pan  oi  « 
thick  masii  of  llmeftione  which  exiendn  upward  nnfandceoly  fnun 
the  Trenton,  the  great  Uraestone  of  the  Ordorician. 

The  limeslonc  of  the  Niaj^ara  epoch  (Lockport)  is  verj*  laijelr 
nude  up  of  corals,  and  in  some  places,  as  in  eastern  Wiscocian 
and  areas  to  the  south,  dLslinct  coral  reefs  may  be  obfenvd, 
Ihc  mw«i  anricnl  which  have  as  yet  been  found.  As  we  hair 
seen,  corals  flourished  abundsnity  in  the  Ordovician.  but,  m>  far, 
no  definite  reefs  have  l»c«n  nntwl  in  the  n>ck»  of  thai  periivl 

The  next  change  {SaitHa  stage)  was  the  separation,  ai^m,:  ihr 
northern  |>art  of  the  northeastern  arm  of  Ibe  Interiot-  Sea.  <iJ  a 
series  of  salt  lagoons,  in  which  were  deposited  red  maris  and 
shaleit,  interslratitied  with  gy)>Mim  aitd  rock-«alt,  fnun  which 
arc  obtaiitcd  the  brines  of  New  York,  Ontario,  and  Ohio,  in 
part  con  tern  poraneouH  with  tlte-se  1%  a  hydraulic  time»tonc,  raUcd 
the  Waler-limc,  which  has  much  the  same  distribution  as  the  salt- 
bearing  l>ed>,  but  Is  thickest  wliere  they  are  thin.  The  Water- 
lime  indicates  the  freshening  of  the  Salina  lagoons  and  has 
preserved  a  remarkable  assemblage  of  Cni^acean  fuN^ht,  bclnn^ng 
to  the  Euryptcrida.  The  rocks  of  the  Salina  stage  arc  thickcM 
(n  New  York  and  Pennsylvania,  thinning  to  the  westward.  In 
the  Shawangunk  Mountains  of  eastern  New  York  the  Salina  i$ 
represented  by  thick  cunfilomeraie^  oi  quartz  pebbles,  which  were 
formerly  referred  to  the  Uncida,  but  are  now  known  to  conlaia, 
in  intersiralified  shales,  the  remarkable  Eurypierida  of  the  Water- 
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lime.  Thix  farmalion  exiencb  alonjc  llie  Appalaihian  line  to 
Tennessee  as  a  very  thick  mass  of  siindstones  and  conglomerates. 
The  beds  uf  iialt  and  s}'psuni  are  slrunjt  evidence  lliai  the  climate 
of  Salina  times,  at  lcii.«[  in  tliv  nurlhcustcm  part  of  the  conti- 
nent, was  arid,  but  how  for  thh  aridity  was  local,  rxniiot  be 
determined. 

Throughout  the  Salina  age  the  Interior  Sea  liad  been  growiiig 
shallower,  and  shortly  after  the  close  of  that  stage  (he  whole  interior 
of  the  continent  became  land  and  remained  nc>  for  a  considerable, 
period,  but  the  Cumberland  Basin  [fersiiiied,  and  in  it  the  lime- 
clones  of  the  cla^ng  part  of  the  Cayugan  epoch  and  Silurian 
period  were  accumiilatrcl,  the  Cohlfiiill,  Rondaut,  and  Manlius, 
which  are  variously  distributed  in  different  parts  of  the  basin, 
due  probably  to  ditTcrcnlial  movement.-t  of  the  >ea-flour,  but  all 
occur  in  succession  in  New  York  and  in  western  Maryland,  and 
for  M>me  dint^cc  north  and  south  of  the  latter. 

The  Silurian  rocks  of  North  America  ha>T  yielded  no  Mgn  of 
volcanic  material;  in  a  few  placet  they  are  travcrj>ed  by  igneous 
intrusions,  most  of  which  may,  however,  be  nf  much  later  date. 
In  Maine  are  .some  igneous  rocks  which  decidedly  appear  to  be 
Silurian,  and  the  same  may  be  true  of  certain  areas  in  New  Bruns- 
wick and  Nova  Scotia. 

Foreign.  — The  division  of  Europe  into  northern  and  southern 
areas  which  we  found  in  thcOrdovician  was  maintained  in  Silurian 
times,  and  the  southern  »ea  was  as  ]>emliar  in  it.«  animal  life  as  It 
had  been  before,  the  northern  being  the  t)-pical  Silurian  which 
b  found  in  the  other  ccmtinenLs.  In  the  west  of  Ireland,  Wales, 
northern  Lingland,  and  Scotland,  Silurian  beds  accomjiany  aitd 
overlie  the  Ordov-lcian,  but  the  much  greater  development  of  lime- 
stone points  to  a  deepening  of  the  water  En  those  seas  or  a  lowering 
of  the  lurroundiMg  lantU.  The  vulcanic  materials,  no  conspicuous 
In  theOrdorician,  are  no  longer  found.  The  Wcniock  limestone 
of  Great  Britain,  which  corre>{H>nd.<  to  the  .\merican  Kiagant 
( Lor k port -Ouelph)  is,  like  the  latter,  largely  coralline.  In  Scan- 
dinavia also  there  is  a  great  development  of  Silurian  limestones, 
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which  cxlfiKi  (ar  inlo  Rii^nia.  In  Ihc  liiitcr  counlry  Ihc  wa 
had  RrtrLMicil  much  fmni  iis  exlcnaion  in  tlie  Ordovidan,  excc|>t 
toward  ihc  southcii^t,  m  here  it  ivas  carried  inio  Bessarabia.  Most 
of  tlie  Ru»iaii  Silurian  was  formed  in  an  iiiierior  sea,  coDiiccteti 
with  thai  of  southi-rn  Europe.  In  tlif  southern  EuTO[>riin  countries 
which  di>|iiay  the  Bohemian /iwicf,  ihc  Silurian  rocb.  have  neailr 
the  same  gencT.iJ  cLslrihution  iii  ihe  Onlovician.  Tlie  two  systems 
arc  also  associated  in  the  Arctic  islan<Js,  in  China,  north  Africa. 
Souih  America,  and  .-\u%iralia.  In  Stmih  .Africa  liie  Silurian  b 
probably  represented  in  some  of  the  barren  Table  Mountaia 
sandstones.  In  all  of  the^c  areas,  as  also  in  North  America,  (he 
fossils  resemble  tliosc  of  the  northern  Kuropcaii  re^on,  rather 
than  thate  of  ihe  xoulhcrn.  In  jcKneral  ihc  8i1uHan  rocks  an:  Ii-m 
extensively  exposed  at  the  surface  than  the  Ordovictan. 

CKmate.  ^The  Silurian  climate  .leems  lo  Imve  Iwci*  like  that 
of  ihe  Ordovician,  very  uniform  over  ibc  earth  and  with  no  indica- 
tion of  climatic  wnes.  The  aridity  of  the  New  York  ret^n  tn  the 
Salina  age,  which  has  alreaily  been  mentioned,  <rurres{(onds  lo 
the  similar  conditions  in  the  Ordorician  of  Siberia.  Both  were 
probably  local. 

dose  of  the  Siturian.  —  In  pans  of  North  America  the  Silurian 
passed  so  gradually  and  gently  iniu  the  Devonian,  that  it  is  dij^KUll 
to  draw  the  line  between  the  two  systems.  Some  dbturbances. 
however,  took  place  in  Ireland,  Wale^  and  the  north  of  England, 
for  in  these  localities  the  Devonian  lies  unconformnbly  upon  ihc 
Silurian.     In  oclier  parlit  of  Europe  the  Iran.^lion  was  graiduaL 
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P  SiluriKn  life  is  the  continuation  and  advance  of  the  same  ov^anic 

system  as  flourished  in  the  Ordovician,  certain  groups  diminishintc, 
otben  expanding;    and  .>iome  new  groui>s  now  make  ihdr  6nt 

I       appearance 

PI.ATK   VIII.  — (GwtorjMrf) 
jvmrrrai  amrrttanjim  ¥ooiiJ,«'^.C.M\\fti.    \i,  Tntttifriiu  JiifUmm  MeCboca. 
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^Fie  i,A»frm9tf9mgi^  nc^iuri  Rn^Bn,  •■  i,  L«l>i>ffl.     i.  Fsertritt  ^^t/fMlm&t  Hall, 
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Plaots.  — Our  knowledge  concerning  Ihc  land  rcgctalton  of  the 
Silurian  is  not  much  more  de6nitc  than  concerning  thai  erf  the 
Orc3(>\'id3n.  Mont  of  (lie  remains  rvfenvd  (»  land  plants  are  oi 
dilutable  character;  the  best  authenticated  is  a  (em  (Xeirn- 
puris)  from  ihe  Silurian  ol  France. 

Spoogida  are  still  common.  Wcll-lcnown  forms  ore  Ast^e- 
sfongui  and  AifraespongM  {PI.  Vllt,  Fig.  t);  both  arc  almost 
restricted  t«  Tennessee. 

C<cleDt«rata.  —  The  Graptolites  ha^-e  greatly  diminished,  e*- 
pciiiilly  ili<:  liranching  forms  and  those  with  two  or  more  row* 
of  cells.  Those  that  persist  arc,  for  the  most  part,  straight  and 
wmplc.  The  Hyilroul  Corals,  on  the  other  hand,  nueh  as  IfdiaiUa, 
Stromatopora,  etc.,  become  important  elements  of  marine  life  and 
In  Ihe  formation  of  the  reefs.  The  true  Corals  likewise  imnaoe 
largely,  and  play  a  more  important  rdic  than  in  Ihc  preceding 
period.  The  increase  is  principally  in  the  enlarged  numlxr  of 
q)ecies  Iwlonging  to  much  the  same  genera.  FavosUrs  (VIII.  a) 
is  a  characteristic  new  genus,  and  HalysUcs  (VIII,  3,),  the  chain 
coral,  Syringopora,  and  others  arc  mmh  commoner  than  before. 

Eehinodemutta.  —  In  this  group  we  observe  a  great  expansion 
of  the  Cysloidea,  which  are  very  :ihund ant  in  lite  Chicago  liroc- 
stone  (Niagara)  and  Ihc Manlius  of  Marjlnnd  and  West  \'irginia. 
Holofystilei  and  Caryoerinui  (VIII,  4,  s)  are  typical  of  lite  fauna. 
There  is  also  a  marked  iniTea.sc  of  ihe  Crinoids ;  Ewalyplocrintis 
(VIII,  6)  is  a  good  eicamplc.  StarJishes  also  have  grown  more 
abundant.  The  Bla^loulta,  which  on'ginnlcd  in  the  Ordovncian 
and  became  extinct  ai  the  end  of  the  Pala»zoic  era.  remain  rare 
in  the  Silurian  and  Devonian,  first  Itci-oming  imponant  in  the 
Carboniferous.  The  Echinoids,  or  sea-urchins,  which  were 
commoner  than  before,  have  no  armit,  but  a  closed  spheroi<ial  or 
discoidal  test,  made  up  of  calcareous  ]>Litc5,  which  in  all  the 
modem  sea-urchins  arc  arrani^d  in  just  twenty  vertical  row;*, 
and  are  closely  fitted  together  by  their  edges,  like  a  mosaic  pa^x- 
ment.     In  the  Palxozoic  sea-urchins  the  number  of  rows  of  platCD 

cttbcr  more  or  less  thiin  twenty;  in  some  <>f  tht-  Silurian  genera 
plates  are  loosely  titled,  and  slightly  overlapping,  like  fi&b-s 
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Arthn^Kxla.  —  Anioiig  the  Crusucea  ihe  Triloliiles  are  still 
numerous,  though  decidedly  le%  so  than  they  wtrc  in  the  Urdovi- 
ciun;  they  fepn^wlll,  for  tlie  ino.tt  part,  new  spedcti  of  genen 
which  have  survived  from  the  preceding  gieriod.  The  common- 
est genera  are  C<i/>mM«ff, ///(znxs,  £>a/iR<inifrj  Liihas  (VIII,  iq), 
Pharops,  Pivtius,  En<rinumi,  etc.  Ks|)ecial!y  characteristic 
are  Uie  genera  Staurocepkalus  (VlII,  so)  and  Dfiphon  (\'III,  11) 
and  the  large  numlKr  of 
s[»ny  forms.     Eurypierids  ^A 

continue  to  increase  in 
numbers  and  size,  though 
not  reaching  their  maxi- 
mum in  cither  respect.  In 
these  exlra<irdinarj-  Crus- 
tacea the  head  is  quadrate 
and  is  failou-ed  by  a  long, 
tapering  body,  compo^ 
of  thirteen  movable  weg- 
n>enls:  Ihe  last  segment  is 
eitlter  a  pointed  spine,  as 
in  Eury plena  (see  Fig.  j6a) , 
or  a  broad  lail-fin,  as  in 
Pkrygotus.  I-lvc  ]>airs  of 
appendages  are  attached  10 
the  head,  the  bases  of  four 
of  which,  on  each  Ude  of 
Ihe  mouth,  lorm  the  jaws, 
as  in  the  exiting  borse- 
sIkw  <:rab.  The  llrsl  pair 
oi  appendages  are  either  short  and  simple  (Euryfilerus,  Stylonurus), 
or  are  much  elongated,  and  armed  with  pincers  [Plerygolus).  The 
fifth  pair  are  either  ver)-  long,  or  enlarged  to  $cn>e  as  swimming 
paddles.  The  fir^t  body-segment  carries  a  pair  of  aprnn-like 
appendage?.  uHlh  a  narrow  median  exlcn.vion,  but  Ihe  other 
segments  have  no  appendages.    The  horsc-shoc  crabs  dnd  \kvnt 


Fig.  T&*.  —  Eutyptrrmi/uiktn  Eicfav.,  Iltand 
ofOcMl,  RuuIl     (SctimidI) 
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most  anciont  reprcscnlotivc  in  Ihi^  g<.-nu«  tlfmiaspis  of  Ibc  Euro- 
ixran  Silurian.  Tlic  Eun,'ptcrida  would  appear  noi  to  have  been 
marine  animals  but  to  have  lived  in  ihe  fro^bcniii];  lagoons  of 
(l>e  upper  Salina  and  to  havt  been  eniomlx-d  in  the  shoal-wMer 
caJcari-rius  muds  of  ihc  Water- lime.  Oihcr  Cni>tai<ca  are  much 
tA  in  the  preceding  period. 

SfCTpioHs  have  Iktii  ftitinil  in  the  Silurian  ■■(  F.iini^ie  and  .\fner- 
ic«,  and  some  remains  of  Imnts  in  ihc  former  conlineni.  That 
aiilmal.'i  prm'c  lite  existence  »f  a  rontem|Mjra»euu)i  land  vejtjctatiun, 
and  confirm  the  duuHlful  evidence  of  the  Ordmiclan  and  fNiuiian 
plants. 

Bryotoa  decline,  but  arc  still  quite  abun<lant,  and  contribute 
in  an  important  way  lo  the  grownb  of  the  coral  reefs  as  vkU  as 
forming  reefs  by  Ihcm^ehei*  in  ibe  Clin- 
ton and  Lockport  limestones,  but  lliey 
aie  les-s  im{K>rtant  ivcf- builders  than 
ihcy  had  Iwcn  in  the  Ordovician.  chielly 
becau^  the  ma-vjt-e  kindii  are  so  largely 
repliued  by  dclicnle,  lace-likc  colonics. 
Brachiopoda  continue  to  be  |>rcM:Rt 
in  mulfitvidcs,  l>iil  with  a  distinct  change 
in  dominant  genera  from  tho^  which 
were  commonest  in  Ihc  Ordovirian. 
ICspccially  characteristic  is  the  increase 
in  the  families  of  the  Spiriftridtr  and 
Prntoinmda,  both  ol  which  continue 
prominent  in  the  Devonian.  The  mint 
important  genera  arc  Atryfia,  Spiriftr 
(VIII,  9,  lo),  Pftitam&-us  (VIII,  13), 
Hhynrlwiffla  (VIII.  11).  Uplxm,  Stnp- 
lis.  and  Whitfitlddla.  A  curiouit  (atnQjr 
«F  Inarticulate  Brachio|)ods  is  the 
Trimerellida?.  several  forms  of  which  arc  found  in  the  coral  red 
dolomites  of  the  Gitelph.  Monomrrtiia,  a  genus  of  thi»  family,  it 
figured  (Vin,  8). 


a  prlmllive  Oslrncodertn, 
(Tiaqiulr.J    KcMoicd 
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HoUusca. — Tile  Bivalves  shon-  no  very  signilicant  change) 
rom  the  UnloviL-ian,  but  the  Gastropods,  especially  such  forms 
L*  Capuiitt,  inKTCn^  decidedly;  other  wel!-reprc>riited  }|;enera  of 
hcsc  shells  arc  Platyostcma,  Cyirlontma. Slropiioslytitx  (VIII,  14}, 
tnd  Tremalonotus  (\'I1I,  15).  Pleropods  are  smaller  and  \esi 
lumcrous  iban  before;  a  very  common  form  is  the  little  nail- 
;hape(]  shell,  TeutacttiUa  (Vlll,  ;),  which  is  doubtfully  referred 
o  this  group,  but  may  belong  to  the  Worms.  Among  the  Ccpha- 
ofM>ds  Ortlioceralites  are  less  frequent  than  in  the  Ord'>*ician, 
Hit  arc  more  commonly  omammlcfi  by  rings  or  longitudinal 
id^*.  {\'1U,  16),  and  Endmeras  has  disappeared,  while  low  lur- 
ctcd  shells,  like  Tfixhixeriis  i\\l\,  17),  are  characterislic.  The 
hclU  with  curiously  contracted  mouth  openings,  like  PhragmV'  \ 
eras,  an  mure  commonly  found  than  in  the  Ordmician. 

Vertebnta.  —  The  remains  of  Ostracodcrms  of  a  primiliw 
LtiHl  have  l>een  found  in  the  ui)|ierniA!.t  Silurian  of  Scotbnd; 
hey  arc  of  small  size  and  very  peculiar  appearance,  but  arc  re- 
Hted  to  the  gener;!  whieh  were  to  attain  such  ]>n>Tn)n«nce  in  the 
Jevooian,  Sharks,  doubtless  of  extremely  primitive  character, 
odsted  in  ih«  Silurian  sens,  but  very  little  a  known  alx>ut  them. 
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THE  DEVONIAfl  PERIOD 
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The  DiTdc  Devonian,  taken  from  the  EngliEh  county  Devon- 

shire, was  proposed  by  ScJjpnck  anti  Murchison  in  iSjg;  it  bi* 

P              found  universal  acceptance  and  has  passed  into  the  gcologinl 

}             lilcralurc  o(  al)  lAn^agr-<>. 

[                 As  [n  the  Ordovictan  xnd  Silurian,  and  for  the  same  reason,  tlx 

k^       diWinons  of  the  Xcw  York  T><-voniiin  an  taken  as  the  »laitdanl(' 

\             '_U 
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rcfcrenc*  for  North  America,  but  ihc  general  standard  is  no 
lon^r  to  be  found  in  Great  Brli;un,  in  spile  of  tlie  first  di~KTipli«n 
of  these  rock.*  in  Dcvonshbc.  Tliis  is  because  these  rocks  in 
Englanil  are  su  much  disturbed,  metamorphosed,  and  fatittcd, 
that  the  order  of  sucxrcssion  among  them  could  not  be  determined 
until  the  Devnnian  of  the  Rhine  and  Belgium,  the  largc:(l  and 
bcsl-dcvclopcd  Devonian  area  of  western  Europe,  had  first  liccn 
made  out.  Hcnrc,  the  Rhenish  section  is  widely  employed  a» 
a  standard  for  tbc  difFerent  continents. 


Distribution  of  toe  Devonian 

Ameiicaa.  —  In  certain  areas,  notaiily  in  that  »f  the  Cumber- 
land Basin,  the  tranuiion  from  Silurian  to  Devonian  is  so  gradual 
that  the  ln>un<lary  Ijclwx^n  ihcm  remained  long  in  d'lulii  and  has 
been  shifted  more  than  once.  The  HelderbctKian  series  has, 
until  quite  recently,  been  very  gencridly  referred  to  the  Silurian, 
and  at  one  time  even  the  Oriskanian  was  included  in  the  same 
system. 

At  the  beginning  of  the  Devonian  {lltlderbergian  epoch)  most 
c>f  the  continent  west  of  the  Cumi>erland  Basin  was  land,  but  the 
Basin  il<«lf  continued  to  deepen  and  enlarge,  and  subsidence  in 
ihe  South  brought  the  sea  in  ovei  weslcm  Tennessee  into  Mis- 
souri and  southern  Illinois,  reaching  into  Oklahoma.  The  lime- 
stones of  the  Hclderbcrgian  series,  which  were  laid  down  in  ihc 
Cumixriand  Basin,  extend,  with  some  intemtptions,  from  south* 
wesicm  Vtrginta  along  the  line  of  the  Appalachians  to  Albany,  N. Y. 
Tbc  Gs-ip^  Peninsula,  which  fori^s  part  of  the  west  coast  of  the 
Gulf  of  St.  Lawrence,  was  submerged  at  this  lime,  for  here  we 
find  1500  feet  of  Umeittone  reprewenting  Ihe  Hclderbergian  and 
Oriskanian  scries.  "The  St.  Lawrence  tidal  waters  of  this  [leriod 
must  haw  extended  westward  to  the  I)order  of  \"crmont  and 
Montreal  and  soulhwani  al«>ng  the  C«nne<:ti™t  valley."  (Dana.) 
Northern  and  southern  New  Brunswick,  northern  Nova  Scotia, 
Dortiiem  Ataine  and  part  of  its  coast  were  under  the  Heldcr- 


I 
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ber^ao  se«,  and  tlie  \ew  England  troughs,  the  Coanccdcul 
valky,  and  the  Gasfrf-Worccs-tcr  (rough  were  submersed.  In 
the  West  the  Helderbeif^an  has  been  identified  only  in  ihi-  Nevada 
trough,  when-  marine  <intimentalion  continued  uninterruptedly 
from  the  Silurian,  while  in  the  far  Nunh  on  the  ^horo  of  Kennedy 
Channel,  80°  X-  lat.,  Hcldcrbergian  fossiU  have  been  fuuud. 

The  Oriikanian  epoch  witnessed  some  {jirograpliical  changes. 
I'hc  rocks  of  this  wrics,  w.-hich  arc  prevailingly  sandstones  laid 
down  in  the  Cumberland  Ba^in,  are  thickest  in  western  Maj^land, 
and  thin  away  both  north  and  south  from  that  region;  to  the 
south  the  beds  arc  chielly  lower  Oriskany  and  to  the  north  mostly 
upper  Oriskany,  indicating  oscillations  of  the  Basin  floor.  In 
central  New  Vork  the  Oriskanian  waters  extended  themselves 
HTsiward  acnis«  the  state,  Iweakijtg  through  the  barrier  in  the 
southeast.  In  the  Mississippi  valley,  the  CJriskany  has  about 
the  same  limits  as;  Ihe  Helderliergian,  hut  it  ha<  not  Iwen  found 
in  Oklahoma,  while,  on  the  other  hand,  the  sea  iransgrcsscd  ovet 
norlhcm  Georgia  and  Alabama,  where  the  Oriskany  »and«loiie, 
only  10  icct  thick,  successively  overlaps  the  older  formations  from 
the  Middle  Cambrian  to  the  late  Ordovitian.  In  addition  to  (he 
Oriskanian  limestones  of  the  Oaspi  Peninsula,  rocks  of  this  stage 
are  found  in  Nova  Scoiia  and  New  Brunswick  and  northern  Maine, 
in  which  State  they  arc  enormously  thick,  5000  feel. 

The  Lower  Devonian  of  the  Maritime  Prtivinccji,  and  ej.|>edally 
of  XIaine,  ^hows  clear  indications  of  an  invasion  of  the  Coblenzian 
fauna  of  Europe,  from  whiili  may  lie  inferred  the  existence  uf 
a  land  bridge  across  the  North  Atlantic,  aflfonling  the  neocsMiy 
conditions  for  the  migration  of  the  ^h^>a^-waler  animals.  "The 
evidence  then  is  (airly  conclusive  th.nt  during  the  period  Tvyin- 
GCDted  by  the  Coblenzian-Oriskany,  the  arenaceous  epicontinental 
kedJnients  was  the  ground  trawrsed  hy  the  CoMenz  fauna  wcet-™^ 
ward  aloDg  the  North  .\llanlic  conliner.l."     (Clarke.) 

Very  extensive  changes  characterised  the  Middle  Dci'unian; 
Ibe  Cumberland  lia.tin  wa.t  cicvaiei)  into  land  at  thecnd  uf  the 
OruJuuiy,  and  in  eastern  New  York  we  havx  only  the  coarse  sandi 
act 
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and  grits  of  the  EsppHs  (which  may  be  a  phase  of  the  Onakaay] 
and  the  Sthoharie,  but  the  Interior  Sea  wx.%  (mkt  more  cstablisheil, 
vrilh  a  rr^triclc'l  >rca,  and  not  improbably  connecting  «Hih  tlie 
Gulf  of  St.  Lawrence  by  way  of  ilw  Coein«rtk-ul  valley  trough. 
Id  it  was  accumulated  the  great  OnaHJaga  Umcslone,  whitk 
extends  from  ihe  Hudson  River  across  New  York  into  Michi^n, 
and  imHind  what  may  hnve  bren  (he  inlands  of  Ibc  Cincinnati 
anticline  into  Indiana,  Illinois,  -uid  Kentucky.  Interptriatioei. 
dilTer  romxming  tlie  form  and  size  of  this  Missbwippi  valley  ^j: 
according  to  one  view,  it  extended  southward  to  ihe<>ulf  nf  Mcsioj, 
while  another  makes  it  completely  enclosed  nn  the  south  aad 
postulates  a  aortfacm  extcnMon  across  Hudson's  Bay  lo  ibe  Airik 
Sea.  Another  great  invaxion,  called  ihc  Dakfita  Sea,  which  may 
have  had  no  direct  communication  with  the  former,  opened  from 
the  AnMic  Ocean,  where  now  U  Ibe  mouth  of  the  ftlackenzie 
KtvcT,  and  crossed  British  America,  Ihc  Dakotas,  Ncbra'^a, 
and  Kanxas,  wnding  a  gulf  into  Iowa,  Minnesota,  and  northen) 
IllinoLs  and  southern  Wisconsin,  and  reaching  or  perhaps  passing 
tlirough  Texas.  "  Tliis  channel  was  b:>unded  OD  the  west  by  the 
extensive  Archx-an  islands  or  edges  o(  land  constituting  the  easten 
axis  of  the  present  Rocky  Mountains."  (Wiiiiams.)  Howewr. 
another  intcqirctation  separate*  the  Dakota  Sea  (n>m  the  Mtsstssip- 
pian  by  the  width  of  the  Great  Plains,  with  a  possible  croe&^on- 
ncction  in  southern  Canada,  and  iniiudes  all  the  eastern  Onondaga 
in  the  Interior  Sea.  A  third  sea,  the  Cordilleran,  covered  much 
of  the  Great  Ba^iii,  prt)l>al>ly  exiending  to  (he  Pacific  aud  con- 
necting on  the  north  with  the  Dakota  Sea.  In  tlie  northeaslcni 
pan  of  the  continent  the  Ga&pd  area  was  converted  into  a  coastal 
lagoon,  into  which  great  mav^-s  «f  sand  were  *wcpi  by  rajwl 
streams;  tbe^;  sands  contain  numerous  land  plants.  A  remnant 
of  one  of  the  old  channels  k  marked  by  a  coralUne  limestone  b 
tkonbem  Vermont 

The  Onondaga  limcslone  b  largely  a  ooral  formation,  and  in 
some  places  the  ivefs  arc  still  beautifully  preserved,  as  in  the 
^^^^aiouft  example  at  the  Fallst  of  the  Ohio,  above  LouitvQle,  Ky. 
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Umetlnnc  formation  on  such  a  scale  implies  ihe  wry  genera] 
absence  of  terrigenous  sediments  from  the  epicontinental  scaf>, 
wtddi  muy  Ik  interpreted  ai.  due  in  part  to  the  base- level  ling 
of  the  euTTounding  land&. 

A  chanxe  of  conditions  in  the  northea.ttem  bay  of  the  Interior 
Sea,  pn>l)ahly  ilic  ck-vitlion  of  the  land  and  resulting  rejuvenation 
of  the  streams,  checked  the  accumulation  of  limestone  and  brought 
ID  great  quanlilir<  of  mud  anil  silt  {Marcdlui  and  Hamilton), 
iboufth  in  the  Mississippi  vaUey  limestone -making  siiU  went  on, 
an<l  even  in  New  Yurie  tliiti  tinii-Ntones  <HX'ur  here  ftn<l  there  in 
Ibc  great  mass  of  the  Hamiiton  shales.  At  (Jaspt!  continen- 
tal sedimentation  conlinueil,  and  there  the  F.rian  series  i."  re|>re- 
sentcd  by  3  vtry  thick  mass  of  sandstones,  bearing  fossils  of  land 
plaiiLH,  and  showing  occasional  brief  incunions  of  the  sea.  tn 
New  Brunsnick  and  Nova  Scotia  are  sandstones  and  shales 
Wesiem  Klanland  and  the  adjoining  parts  of  the  Virginias  were 
again  submerged,  but  tills  time  apparently  by  an  expansion  of 
U»e  Interior  Sea,  that  seems  to  haw  covered  part  of  the  old  Cum- 
I)tTland  Ba^in,  which  had  emerged  at  tiie  end  of  the  Orlskanian. 
In  the  West  (he  seas  remained  much  as  they  had  been  during 
the  Onondaga;  indeed,  the  difference  in  interpretations  of  the 
latter  slagr,  rrfcrrrd  to  on  the  preceding  page,  is  chiefly  a  (juestion 
oi  distinguishing  Hamilton  from  Onondaga.  A  depression  sub- 
merged the  coast  of  British  Columbia  up  to  Alaska. 

The  Upper  Devonian  has  much  the  same  distribution  as  the 
Mi<]dle,  but  the  Interior  Sea  appears  to  have  lcio.1  its  <-onnc<clK>n 
«Hlh  the  Gulf  of  Mexico  and  to  have  become  joined  with  the 
Dakota  Sea,  while  here  and  there  in  the  Mississippi  valley,  the 
Upper  Devonian  wcrlaps  older  rocks  where  the  Lom-r  and 
Middle  are  absent.  The  TuUy  stage  is  a  locally  developed  lime- 
stoiK  in  New  York,  which  is  of  interest  as  corresponding  to  the 
CuboitUi  zone  in  the  Rhenish  section;  both  contain  the  very  wide- 
si)read  bracliiopod  ftpcrie»,  Hypothyris  cuhoides,  a  wry  U«tul 
guide  or  index  fossil,  as  marking  (he  base  of  the  Upper  De%'oniaD. 
Tlw  Gtfusee  i»  a  mass  of  black  shales  which  increa.te»  in  thickne^ 
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from  Lake  Kric  lo  lentral  Pennsylvania,  where  II  b  300  fed  tl 
and  is  succeeded  by  (he  Pertagt,  which  is  Urgcly  arcnaceom. 
The  PtiTlagc  f-xi'ocds  1000  feel  in  ihicknew.  In  western  Ncir 
V'ork  both  the  Gcnewe  and  the  Portage  have  embedded  in 
ihcm  u  limestone  which  caniea  a  highly  interesting  ii.<tKetnbU)i;r 
of  animals  tailed  the  "  Najdes  Fauna."  TWs  has  ^-ery  litlle  in 
cummon  with  that  of  the  Hamilton,  but  '\a  well  marked  in  nuity 
parts  of  the  wurld.  (FigK.  155-6,  pp.  533-3.)  "The  migration  path 
of  this  pclaf^c  fauna  has  iwen  traced  toward  the  Ni>rtbwe%t  thmti^h 
Manitoba  intoSibcria.thenee  through  Rus.M.i  into  Westphalia.  .  .  . 
Id  New  York,  where  its  fauna  became  extenidve,  il  was  alien  gmd 
short-lived."    (Oarke.) 

Tlie  Chemung  is  a  great  mass  of  sandstones  and  congtitrnvratcf, 
which  reaches  \H  miiximiim  thickness  (8000  feci)  in  Pennsyl- 
vania, thinning  greatly  to  the  westward.  Indeed,  the  stages 
of  the  U|»i)er  Devonian  given  in  the  Ne"*  Vttrk  sc.ilc,  can  seldom 
be  recognized  except  in  that  State  and  in  Pennsylvania.  In  Ohiti 
the  whole  Upper  Devonian  is  represented  l>y  the  Ohio  Sbalf. 
which  varies  from  300  to  j6oo  feet  in  thickness.  The  CalstUi, 
which  was  originally  regarded  as  a  distinct  series,  is  a  very  thick 
mass  of  sandstones,  representing  a  facics  of  the  Upper- I>e>'«- 
nfaii  extending  through  the  Senecan  and  Chautauquan  cpivhx 
and,  in  I'ennsyivania,  into  the  earliest  Carboniferous.  TTksc 
beds  arc  bcUcvcd  tu  have  been  accumulated  in  a  long  and  narrow 
cstuarj',  ninning  from  ea.'^iem  Xcw  York  into  Pennsylvania, 
where  the  beds  reach  a  thickness  of  7500  feel,  and  containing  fresh 
water  in  part  of  its  course.  Arejis  of  similar  rocks,  with  frosh  or 
brackish  water  fossiU,  occur  in  the  Portage  and  Geoesee  and 
represent  deposition  in  coiislat  l.igoons. 

The  Western  Devonian  indicates  such  3  different  sucee^istoo 
of  physical  events,  that  its  subdivisions  can  seldom  be  oorrvlated 
with  those  of  the  Kast.  Devonian  strata  are  not  known  to  underlie 
the  Great  Plains,  and  the  Front  Range  of  Colorado  ap|>ear<  to^ 
have  been  a  land  area,  for  there  Carboniferous  strata  ovcrL 
and  rest  upon  Cambrian  and  Ordovician.    On  the  other  hand.  iiT 
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■teau  region,  from  Aruima  to  Montana  and  along  ihc 
jiaa  Kockicj  arc  many  Devonian  ouicropA,  indJculing  Uial 
mucb  or  all  uf  thU  region  was  Kubmorgi-cl  At  one  q>och  or  another 
of  the  pcrifKl.  Oscillations  of  level  arc  also  shown,  as  in  the 
Grand  Cafiftn  region,  where  lliin  and  woni  (uiuhe*  of  Devonian, 
evident)}'  remnants  of  a  much  thicker  and  more  widespread  mass, 
lie  unconformably  u|>on  Canilirian  and  ticlciw  CarlMinifertms 
beds.  In  ihc  Wasatch  Mountain*  of  eastern  Utah  ihc  Devonian 
U.  represented  by  3400  feet  of  quartxites  and  limestones,  and  in 
tlw  Nevada  imiigh,  where  deiwsition  seems  to  have  been  unbroken, 
1000  feet  of  shale  and  6000  (eel  of  limeslime  are  av-i^ned  m  ihis 
sjrstcm.  Though  the  faunas  clifTer  notably  from  those  of  the  East 
and  haw  more  affinity  with  those  of  Europe  and  Asia,  correspond- 
cnre»  with  the  HrldiTlierg,  Onondaga,  and  Hamilton  have  been 
observed.  Affinities  with  the  Old  World  are  also  shown  by  the 
Devonian  of  nortliern  and  ftoutliern  California,  Briti.th  Columbb, 
and  Alaska. 

Like  the  rocks  of  the  other  Pata-ozoic  system^  in  North  .-Xmerica, 
those  of  the  Devonian  are  quite  free  from  igneous  intrusions, 
CJtcept  in  several  widely  separated  l(x:alities.  Contemporaneous 
lava  flows  arc  inierbcddcd  with  the  I,owcr  Devonian  shales  «f 
nortbent  New  Brunswick,  pointing  to  volcanic  cTU|)lions  in  that 
region,  and  the  same  in  true  regarding  (he  Devonian  of  Nova 
Scotia,  and  that  of  northern  California  has  beds  of  tuff  and  lava 
sheets.  In  central  New  York  and  various  places  tn  llie  West  the 
Devonian  strata  are  cut  by  intrusions,  but  these  may  be  pusl> 
Devonian  in  date. 

Comparing  the  rocks  of  the  Ordovician,  Silurian,  and  Dei'onian, 
as  these  are  developed  in  the  Appalachian  and  adjoining  regions, 
a  certain  rhythmic  or  periodic  recurrence  of  events  may  l>e  dis- 
covered among  iliem.  Each  system  is  characterized  by  a  great 
and  very  widespread  litncstonc  formation,  the  I'rcnion,  I.MM~kpart- ' 
Guclph,  and  Onondaga,  resj>ectivcly,  and  in  each  the  limestone 
is  succeeded  by  shjIejOT^her  cJRjtic^w^ts.the  Ciica,  Sdina,  and 
Portage,  due  to^OoiiKreasc  of  lerrigenoa^lnalenal, 
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dowdbf  a  man  at  lem  mUofnad  emergence  of  the  a 

Each  b^iQ  with  a  wibadenrce  trhkh  gnduaSy  cMendcd  lo ' 

inaKunum  at  Ibc  time  when  ihe  gfrU  Umaiooe  was  EtnMcL 
Tbe  porallcUsiDs  an  not  exact,  but  tbcy  an  <mamlT  saggativ^ 

PondpL  — The  European  Devonian  appean  in  ihne  JUereal 
JacUs;  one  of  itme  is  the  "  Old  Kcd  Saodslone,"  whkh  is  lately 
of  continental  ori|^n,  and  lies  to  the  norlii  The  iterunti  fades  is 
of  marine,  shoalwatcr  deposits  and  runs  from  Dcronslure.  Uunugh 
Bel^um,  tlK  noTtliern  part  of  ibe  lumr  fUMnUh  and  the  Haitx 
Mountains,  lo  Poland;  and  the  third,  extending  from  nortbtresteni 
Prance,  through  Ccrmany  to  Bobenia,  was  laid  down  in  deeper 
water.  On  the  irthcr  hand,  great  changes  t(x>k  place  in  the  extcol 
and  depth  of  the  [Devonian  seas,  those  of  the  Lower  Devonian 
being  fur  lew  extenMve  than  ih>osc  of  ihc  Miildle  and  Upi)cr  parts 
of  the  period,  as  is  also  true  of  North  America. 

The  period  began  In  Europe  u'ith  an  advance  of  the  sea  orcf 
Ihe  land  in  many  pla(«s,  reaching  its  maximum  extension  in  the 
latter  part  <>f  Ihe  period,  but  beginning  lo  retire  before  the  oiien- 
ing  of  the  Carboniferous.  This  subsidence  rcmorcd  the  borrier 
which  in  Ordovician  and  Silurian  timcti  had  separated  the  fwrthcni 
and  southern  )«as,  but  wi-ix  aca>mpunie<i  by  Ihe  formntion  of 
closed  I)asins  farther  to  the  north.  Europe  ihen  was  lar)cely  an 
open  sea  with  many  islands,  and  where  the  walert  were  sufBdently 
clear  and  free  from  terrigenous  sediment,  coral  reefs  were  ex- 
lcn*iv(!ly  formed. 

The  marine  Devonian  occurs  in  the  southwest  of  En^and, 
over  larffc  areai  of  fiermany,  in  northwestern  and  sinilhfm  Franre, 
and  on  an  enormous  scale  in  Russia.  During  ihc  Silurian  the  se» 
had  withdrawn  almost  entirety  from  Russia  west  of  the  Vtal 
Mountains.  In  the  Lower  Devonian  Ihc  sea  broke  in  from  Ihc 
north  over  Siberia,  reaching  far  into  central  Aiu'a.  In  iheJ^Iidille 
Devonian  a  great  basin  was  formed  by  the  dcpressioii  of  central 
Ruisla,  the  »ca  ad\iincing  from  the  north  and  the  east.  Devonian 
limestones  and  gieat  coral  reefs  occur  in  ihc  Alps,  as  do  lime- 
s,  shales,  and  »and!tlone>  of  the  .lame  period  in  Spain  and 
tugal. 
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The  "01<I  Rc»l  Saiidsione  "  is  of  partirulur  intemt,  !»ccau«:, 
aviin^  to  ihc  peculiar  circumstances  ot  it§  formation,  it  has  pre- 
served a  record  of  Devonian  land  life,  which,  though  (raj;inenlarjr, 
is  far  more  complete  than  anything  wc  possess  from  the  more 
ancient  |)crioAs.  These  strata  were  laid  down  in  clused  basins 
(sometimes,  periiaps,  in  fresh-water  takes),  which  had  only  a 
restricted  communication  wiih  the  sea,  and  it  may  be  that  these 
sccumulalions  were  partly  made  Ijy  the  vriml,  though  ihcrc  is  no 
^l»um  or  salt  in  the  beds  to  indicate  the  prevalence  of  desert 
conditions.  The  Old  Red  is  foun<l  in  soiilh  Wales  and  the  adjoin- 
injt  part  of  England,  and  on  a  much  larger  scale  in  Scotland^ 
■Jso  in  ihc  Bailie  gmn-inces  of  Russia,  where  it  is  inlerslratilied 
uith  beds  of  the  marine  Devonian;  in  SpitzbcT);cn  and  Green- 
land ihc  sjunc  fiirmaiion  recurs.  The^e  sandstones  arc  >aid  to  be 
to,ooo  feet  thick,  but  according  to  some  authorities,  the  lowcr- 
mo*l  part  nf  ihem  is  Silurian.  Tlie  Catskill  of  New  York  Is  very 
like  the  Old  Red,  and  contains  similar  fossils,  and  the  Old  Red 
facies  ts  found  in  northern  New  Brunswick  on  Chaleur  Bay. 

'I'hc  European  Devonian  is  full  of  the  evidences  of  \'olcanic 
activity,  in  tlie  shape  of  great  lava-flows  and  tuSs.  In  central 
Scotland  the  volcanic  accumtdations  exceed  6000  feel  in  thicJincss. 

Besides  the  Devonian  areas  already  mentioned  in  Asm,  rocks 
of  this  system  arc  found  in  China,  the  .Miai,  and  in  Asia  Minor. 
They  recur  in  northern  Africa.  The  Bokkcveld  beds  of  South 
Africa  arc  among  the  rare  marine  formationn  of  that  region,  and 
these,  which  arc  Lower  Devonian,  ihin  away  northward  and  die 
out  within  a  hundred  miles  of  the  coast.  Below  the  Bokkevcld, 
in  the  upper  part  of  the  Tabic  Mountain  sandstone,  is  a  botddcr 
clay  with  striated  boulders  of  evidently  gladal  origin,  pdnting 
to  the  establishment  of  rigonms  climatic  conditions  in  South 
Africa  in  the  earliest  Devonian,  or  perhaps  late  Silurian.  In 
Sotiih  Anurka  occurred  a  great  transgression  of  the  sea,  and 
Devonian  strata  form  larger  areas  of  the  surface  than  those  oE 
any  other  PaLcoxoIc  system.  Shallow-water  deposits  are  found 
in  Peru,  Bolivia,  over  large  pans  of  Brazil,  especially  the  basin 
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of  the  Amazon,  ami  in  ihe  Falkland  f5laDd&.  The  BoJirian  Dei 
nbn,  wbkh  belongs  to  ibc  lower  and  middle  p^ns  of  Ihr  system, 
c'7n(ain»  a  vct>'  similar  fauna  to  that  of  \orth  .\iiierii:a.aDd  connects 
■be  Uilcr  with  Brazil,  the  Falkland  Inlands,  and  South  Africa. 

KavMer  dluinfuuLiUtefl  two  great  marine  provinces  durii^  the 
Devonian:  (i)  the  Eurasian,  which  ejctemlnl  from  Europe  east- 
ward over  nortlicrn  and  central  jUia  to  Manitoba,  Canada,  and 
(2)  ihc  Amerinui,  which  reached  fmni  the  United  States  to  South 
America  and  thence  to  South  Africa. 

Climate.  —  With  the  e:K<;|>tion  of  Siiulh  Africa,  the  dtglrihu- 
lion  of  I>cvonian  fos^ib  leads  us  to  infer  that  the  climate  of  the 
))criod  was,  like  (hat  of  the  Ordovician  and  Silurian,  generally 
uniform  over  the  earth  and  withoul  disttnclion  ot  xuncs. 

Devonian  Lire 

The  life  <>f  the  Devonian  i.s  in  iu  larger  outlines,  very  like  thnt 
of  the  .Silurian,  but  with  many  significant  difTercnreK,  which  are 
due,  on  the  one  hand,  10  the  dying  out  of  several  of  the  older 
grtujn  of  iinimalK,  imd  nn  the  utlier,  in  the  great  enpansion  of 
forms  which  in  the  Silurian  had  played  but  a  subordinate  rOle. 

Plants,  —Tile  foiwilit  xhow  thui  in  DeviHiian  times  the  land  was 
already  clothed  with  a  varied,  rich,  and  luxuriant  vegetation  of 
the  same  general  ty[>e  a.t  that  whose  .vanly  traces  are  found  in 
Silurian  strata.  All  the  higher  Cryptogams  are  represented,  and 
by  large,  tree-like  fnrms,  a.^  mc^II  a-,  by  small  herbaceous  plants. 
The  bulk  of  the  flora  is  composed  of  ferns,  Lycopods,  or  Club- 
Morses  (especially  the  great  treelike  Ltpidodfttdrtdi),  and  Equi- 
srlates,  or  Horsetails.  The  highly  im|Hiriunt  extinct  groups,  the 
Sfhetwpityllijies  and  Cycadofiikes,  which  were  already  in  existcnte. 
will  be  described  from  the  more  complete  Carboniferous  foostls. 
Besides  these  Cryptogams,  wc  find  representative*  of  the   lower 

IIHJcrlflrf,  to,  Trtfi^tftmi  tarimmhii  0■d^,  m  Iv^H^milbin,  tt^Citnftt*  n ■  nMf ^ 
('<»•  ,  •  't,  llwullnn  »,  Strvfkt^dtiaa  ilimdia  (nnr  ,  ■  14.  tlimiPm.  ij,  fttrimim 
^ttt^ltmm  Conr  .  '  V^.  Iflamillon.  it.  Fitr^"*t  Jwrnet^tm  <:om.^  «  ^.  AmiIh.! 
15,  Matilirrtrrai  rj^  Clukc.  ■  ■/..  Funiuc      ti,  rkaii/v  >Mnd  drem,  11  >4,  HaaOis. 

ehuk.    19,  irf4(>w(ar«/».ur»  Fill).  x4,  Hwitm 
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kinds  of  6owcrinf;  plants  in  the  Gymnot^ms,  which  prcsumaUy 
grew  u)Kin  the  higher  tftniU.  VVr  i-halt  meet  thii>  same  i1ora  in 
richer  and  more  varied  display  in  ilie  Carboniferous  period. 

Sponges  ore  cc-  isplcuouK  cU-menls  nf  the  De^'onJan  faitna,  as, 
for  example,  ihc  DidyosfMtngida  in  the  Cltemunf;. 

Calentema.  —The  Grapiolilcs,  which  were  so  abundant  in 
the  Oidovician  and  had  become  much  less  common  in  the  Silu- 
rian, are  now  «lmo«t  ejciinti,  only  a  few  sim|4c 
species  occurring  in  the  Lower  De\-onian.  The 
Corals,  on  the  contrary,  expand  and  multiply 
enormously  biith  in  numbers  and  in  size.  Most 
of  the  Silurian  genera  pcn>i>t  (though  the  chain- 
coral  HaJysiles  has  Iwcomc  cictinci),  and  many 
new  forma  arc  added.  Hfliopkylium  (Fig.  366) 
is  an  cx.ami>lc  of  th<-  solitary  coraU,  and  Philiips- 
mlraa  and  Acervuiarii  (Fig,  i6j)  of  li>c  rref- 
buildcrs. 

Echinodennata. — The  Cysloids  have  become 
much  rarer  tli.m  In-fore,  and  are  on  the  pojnl  of 
extinction;  the  Blastoids  (PI.  IX,  Fig.  >)  are  still 
in  the  background,  though  hx'atly  abundant  in  a  few  places,  and 
the  Echinoids  have  not  ycl  become  ((.mmnn;  but  the  Crinoids 
and  SlaJ--fi.*hes  haw  greatly  in- 
,CTC«scd  in  number  and  variety, 
mportant  genera  of  the  farmer 
group  arc  Cupressocritius,  Plaly- 
crinuj,  A(litu)<rinns,  Dolalocrimu, 
etc.  Edrwcrinus  (IX.  r),  a  free- 
swimming  crinoid,  without  a  stem, 
.vccurs  in  the  Meklerbcrgian  and 
'Oriskany.    The  raulthude  of  the 

crinoids  contributed  Isrgelylothc    pjo.  •67.  _  ^^cfrwtvM   d^evyim 
building  up  of  the  calcareous  sea-       &ftH.,x^.  ManinioaatMkitt- 
bottom  on  which  they  Hourished,       *"■    <»^''»«"» 
AnhrapodB. —The  Trilobiles  had  already  begun  to  decline 
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in  the  Silurian,  while  in  ihe  Devonian  ihe  decline  becomes  much 
more  raarlce^).  though  ihry  arc  still  far  from  rare.  \etv  species 
of  Silurian  gcn«ra.  like  Ph-itops  (IX,  16),  Homalonotus,  Uditu, 
AciJaipis,  Odonlottpkaiui  (IX,  17),  etc..  ore  the  comiDoaest. 
Trrataspis  (IX,  18),  is  one  of  the  larp^esl  and  moat  curiuu»  of 
Trilobiies.  A  chiiracicrislic  "f  the  Devoninn  Trilobitcs  is  the 
ornamenlation  of  the  marj^n  of  the  head,  as  well  oa  the  extra- 
ordinary development  of  spines  which  many  djs{>lay  on  the  head- 
and  tail-shields.    (IX.  i;,  18.) 

The  ftthcr  Cruilacca  make  notahle  progress  in  this  period. 
The  PhyUemrida  are  abundant  in  the  I'pper  and  Middle  I>cvoni3n. 
The  first  of  the  liopoda  and  of  Ihe  tong-tailed  Stkiuipoda 
make  Ihcir  apjwarancc  in  the  Devonian.  The  Hurypferids 
now  attain  their  culmination  in  size,  being  actually  gigantic 
(or  Cmslacea,  and  some  of  them  are  as  much  as  six  feet  long. 
The  ^nera  (Eurypierm,  SlylottHTUs,  and  Plerygotus)  are  the 
same  as  in  the  Silurian.  lisKts,  though  still  rare  as  fossils,  arc 
wry  much  commoner  than  in  the  Silurian;  they  represent  both 
Orthoi)ters  and  Neurojiteri,  which  are  among  the  primitive  gn>ups. 

BiBchiopoda.  —  .\s  in  the  Silurian,  Brachiopods  continue  to 
l>e  the  mfK-t  al>undai)t  fi^Kiil^,  both  in  s[>ecle:>  and  individuals; 
indeed,  the  Devonian  is  the  culminating  jieriod  of  brachiopod 
abundance  and  variety;  in  Xonb  America  at  least  it  ha>  many 
more  genera  than  any  other.  Many  Silurian  genera  ha^T  died 
out,  but  of  others,  like  Orlfih,  Slroptieodoalt  (IX,  tz),  Orlho- 
tMa,  Atrypa  (IX,  7),  Ckontict  (IX,  11).  and  Prodiutrlla,  the 
fpeciett  are  more  numerous,  llie  most  characteristic  shells  are 
Ibose  belonging  to  the  genera  Spinjer,  esjiecially  the  very  broad 
"  winged  "  species  (IX,  4,  5),  Hypothyris  (IX,  %),  Alhyris,  Gypi- 
dtila  (IX,  9),  TropidoUphis  (TX,  10),  Vilulina  (IX,  6),  and  those 
belonging  to  the  still  existing  family  Tfrtbtalulida,  of  which 
RoKstUafria   an<l  Slringocephalns  are  T>cvnnian  genera. 

UoUtisca.  —  Bivalves  and  Castropods  are  much  as  in  the  Silu- 
rian: examples  of  the  former  are  Pleriftra  (IX,  tj),  Cmwear- 
dium,  and  Grammysia,  whDe  larger  species  of  the  GasU<H^ 
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EuompbaltK,  and  spiny  Platyftrids  (IX,  14),  lire  tli.iraclcrislie. 
A  miuuic  Picropod,  Slyliolina,  is  extraordinarily  abundant  in 
the  Upper  Devonian,  farming  limestone  masses.  The  Ccphalo- 
pods  have  been  pcvolulionizcd:  the  wcallb  of  Xautitoid  *hclU 
which  we  found  in  the  Silurian  ba.t  Ixxn  much  diniinii^hrd,  though 
Ortkoeeras,  Phrogmorcras.  (Jomplwceras,  and  CyrUxeras  still  pw- 
»isl  abundantly  in  the  Lowier  Devonian,  while  many  other  genera 
have  disappt'atvd.  Mrtn?  significant  is  the  firJt  appearance  i>f  ibe 
Ammonoid  divitiion  of  the  Telrabranclnatc  Cephalo|>ods,  a  group 
of  shells  which  wa>  destined  to  attain  extraordinary  development 
in  the  Mcsozoic  era.  The  Ammonwids  aru  distinguished  by  the 
complexity  i>f  the  "  sutures,"  or  lines  made  by  the  jumrtiom  <A 
the  septa  with  the  outur  wall  of  the  shell.  In  the  Dc\'onian  Am- 
monoids,  of  which  the  Goniatiics  {IX,  15)  arc  the  common  forms, 
thi:  sutuirs  :ire  much  levt  complex  than  in  the  Meiozoii'  shells- 
Another  member  of  the  group  which  is  far  more  abundAut  in 
Fun>|>e  than  in  America  is  Clymenia,  the  only  Ammunoi<l  in 
which  the  siphuncle  is  on  (he  inner  side  of  Ihc  spiral.  Batiriki 
ha?,  a  slrat([ht  shell,  like  lliat  of  OrliiMerm,  but  with  the  tumplex 
suturcit  which  show  it  to  be  an  Ammonoid. 

Vertebrata.  — One  of  the  most  characteristic  features  of  Devo- 
nian life  is  the  greitt  development  of  the  aquatic  Vertebrates, 
which  is  so  striking  that  the  period  is  often  called  the  "  Afjt  ot 
l-'ishcs."  Si)  numerous  and  so  finely  prescn'cd  are  ihet<e  (m--^ 
that  a  satisfactory  account  may  be  fpvcn  of  the  structure  and 
systematic  position  of  many  of  the  genera.  Thi^  great  aitsembU^ 
ol  fehcs  and  fish-like  forms,  it  should  be  remembcTcd,  was  i»t 
someth-ng  entirely  new  in  the  earth's  histot}-,  but  was  rather  ilw 
n'ODdenuI  expansion  of  types  which  during  ihc  OrdOT-kian  and 
Silurian  had  remained  rare  and  obscure. 

Uf  the  Devonian  Vertebrates  none  are  more  peculiar  aiid  char- 
acteristic than  the  Oslraeodermn,  n'hich,  tliough  generally  called 
lishcs,  really  belong  to  a  type  much  below  the  tnie  lishcs,  being  de- 
void of  true  jaws  and  of  paired  fins.  The  head  and  more  or  leis 
•4  the  body  arc  sheathed  in  hca\-y  plates  of  bone,  and  Ihc  remainder 
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of  the  body  and  tlic  tail  arc  rovered  with  scales,  Nii  trace  of  ibe 
inlcrnal  skrlclnn  is  prcscncd,  «n<!  il  cviilcntly  was  not  ossified. 
The  j^DUs  Cfpkahispii  of  this  group  is  curiously  like  a  Trilobite 
in  a|ii»carun<f,  lluiugli,  of  course,  the  rP!«mh]anrc  is  entirely 
superficial.  The  licad-shicid  is  formed  of  a  single  great  plate 
of  bone,  shajicd  like  a  saddler's  knife,  with  rounded  front  edge 
aiid  with  the  hinder  angles  drawu  out  into  spines;  the  eyes  are 
on  the  top  of  the  head  and  very  close  {tether.  The  body  is 
covered  with  large,  .ingular  plates  of  bone,  arranged  in  rovrs; 
a  ^tnull  median  dor^I  fin  and  u  UiTger  triangular  tail-fin  make 
up  the  locomotor  apparatus. 


FIC.  V».~t1tntklMrit4iimJiitariiu.     Rcwomt.     OM  Red  Samblont.      lD«Mi 
■fler  Smidi  WooilWMd) 


Ptenupis  has  a  bony  plate  over  the  snout,  s  large  shidd  on 
the  back,  an<)  another  on  tlic  belly,  with  rhomboldaJ  Mrales  cover- 
ing  the  rest  of  the  iKxJy. 

A  most  extraordinary- looking  creature  is  Pkrkhthys  (Fig.  a68), 
in  which  the  head  and  most  of  the  l»<yiy  arc  cnca.'d'd  in  heavy 
plate:!,  the  remainder  in  overlapping  ?cale-likc  bones;  the  e>'cs  are 
even  closer  toother  thain  in  Cefhatui/iis.  Dorsal  and  tail-fins 
arc  prtsenl  and  what  appear  to  be  pectoral  fins.  The  pair  of 
appcndagCN  rvfcrrc*!  to  <loul>tless  a<:tcd  att  (xm,  but  they  are  not 
comparabte  to  Ibe  paired  fins  of  the  true  fishes,  being  metelf 
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Jointed  extensions  of  the  bead-shield.  These  tliree  genera,  CefiuU- 
aipis,  Pleroipit,  and  Ptmrhthys,  have  been  sckcted  as  lypctt  oi 
the  Oslracoderrns,  each  one  of  which  has  sneral  allies,  differing 
from  it  in  one  or  other  parlicular. 

Of  the  true  t'Ulus  there  is  great  \'ariety  in  the  Devonian.    The 
Sdadiians  are  well  represented,  one  of  which  is  CiadtaHaciit 


..■^^ 
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FlQ.  afg. —  CtaduildtJtt  meuienyl.    Retlond,  x  */t-    Uliio  tJ)«le.    (I>t«a> 

(Fig.  169),  a  small  shark,  from  two  to  six  feet  in  iengtli,  and  ihe 
most  primilivc  known  mfnilxrr  of  (he  jtr(ni|i.  The  Dipnoi,  or 
Lung-fishes,  were  important  elements  of  the  Devonian  6sh  fauni. 
DifletTis  (Fig.  270),  an  example  of  this  group,  is  very  like  the 
modern  Iung-5shes,  which  haw  dwindled  lo  three  genera,  one 
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(tone.     (Smith  Woudwiiiil  illci  I'nujuait) 

In  South  America,  one  in  Africa,  and  one  in  AustraKa.  A  te- 
markable  series  of  fishes,  the  Aiihrodira,  is  very  eharai-teristicalljr 
Devonian.  One  of  ihc  iK^^t-known  memlwrs  of  this  gnnip  is 
(he  European  genus  Coccoileus  (Fig.  171),  in  which  the  head, 
back,  and  \x\\y  arc  covered  with  bony  plates,  but  the  ksx  of  the 
body  is  naked,    lliis  bony  armour  gives  the  fish  something  of 
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the  appearance  of  the  Osiracodcrms,  with  which  fiToup  it  Ls  often, 
though  erroneously,  cluK^ilicd.  The  backbone  i^  represented  by 
an  unsegmenied  rod  (the  notochord.  .V,  Fig.  171),  to  which  arches 
of  lK>nc  are  attached  (.V,  ff.  Fig.  271).  Paired  ventral  tins  ircre 
fffcscnt,  but  pectorals  have  not  been  found.    The  jaws  were  pro- 


PlO.  VI. ~  C0««nv«f  Jfti^itni  As.    Rcslond.   Old  It(<d  Suniliionc.    (Dcttn.Bfitir 
Sratlh  Woodwuil) 


>ided  with  leelh,  which  fuse  into  plates.     In  the  up|)ermost  Devo- 
nian of  Ohio  arc  found  some  huge  fi»hcs  allied  to  CoffosUus,  hut 
much  larjcer  and  more  formidable.    l"hc  most  imporiant  of  these 
an  DinUblhys  and  Titankhlhyi,  the  Utter  allainin|j  a  Icnxth  oL 
as  feet. 


ftii.  ajt. " //»tfftrt»lMi  HMUMmm  .\g.    RstofMl.    DM  Rnl    (Smtih  Wood- 
wd  allrr  1'nqtialr.)    Tbe  arramcnutioa  ol  Ihe  lUtcs  it  sot  ifaomn 

A  bixher  l)!^  of  Dwonian  fish  is  that  of  the  CroiiopUrrgii,  an 
ancicni  group  of  which  but  two  reprevcntatives  remain  at  present, 
both  of  them  African.  These  fohcs,  like  the  FJipnuans,  have 
"  lobatc  "  paired  fins  (■<«  Fig.  ays),  ie.  the  pan  of  the  fin  belonit 
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ing  In  the  inieroal  skcfeion  '»  hrge  and  covered  with  soles,  form- 
iog  a  lobe  to  vidcb  the  fin-rays  are  attached.  Most  of  the  Devo- 
nian nit-mlicrs  n(  the  group  tuivc  mawdve  ritomboida]  ical»,  but 
to  oihct^.  like  Iloiofiythius,  tbe  kbLcs  an  thinner,  rounded,  and 
owrlapptng. 

The  most  advanced  fishes  of  the  period  arc  ihc  Ganoid  mem- 
ben  iif  Ibe  AciiniipicH,  which  from  the  Devotiian  until  n«iiriv 
thc  end  of  the  Mesozoic  era  continue  to  be  the  dominiint  type  nf 
ri»he«.  NVariy  all  of  them  hare  ihicic,  shining  scales  uf  rhom- 
boidal  shape. 

Tbe  Dex'unian  fi«h  fauna  (luing  that  lenn  in  a  vefy  coaiptc- 
hcDsiw  stnsc)  U  thus  seicn  to  W  a  rkh  and  varied  one,  includ- 
ing 0>iraci>derms,  Sharlo,  Lung-tUhes,  Arthrodiran^,  Crossop- 
Inygians  and  Aciiooptcri,  each  with  many  rc{>rewniativ«s  and 
mostly  of  very  curious  and  biMrrc  forms.  While  thus  wmA 
and  plentiful,  ihK  assemblage  ditferK  from  the  modem  Csh  fauna 
in  tbe  primilive  character  of  the  groups  whkh  arr  represented, 
and  in  the  entire  ah^nce  of  the  Bony  FLihe>  (Tdfom),  which 
now  make  up  the  vast  majority  of  tithes,  both  frr^-n-aier  and 
marine. 

AmphiUa.  —  Certain  footprints  which  have  been  re^ioncd  from 
the  U|)()cr  Devonian  of  Peniuyltania,  show  that  the  Amphibia, 
the  lowest  of  air-breathing  rcrtebratcs,  had  already  bcgim  their 
career;  that  in,  if  the  correlation  of  the  rocks  in  which  these  foot- 
prints occur  has  been  correctly  made. 


CHAPTER   XXX 
THE  CARBONIFEROUS  PERIOD 

THfi  name  Carbcmi/erous  was  given  in  llie  early  part  of  the 
lost  cirntury.  n-hcn  it  was  supposed  (hat  cvct>>  geological  sj'&tent 
was  cbaraclerized  by  the  presence  of  some  peculiar  kind  of  rock. 
We  novf  know  that  this  conception  is  erroneous,  and  that  work- 
able coal  seams  bavc  been  formed  in  all  the  periods  since  the 
CartHmiferous.  It  still  remains  true,  howc^'cr,  that  the  latter 
contains  much  the  most  important  share  of  ihe  world's  supply 
of  mineral  fuel,  ufxtn  which  the  whf)!c  fabric  of  miHltm  induslrial 
civilization  is  founded.  The  t^at  economic  importance  of  (he 
coal  measure*  has  caui'f^d  them  to  Ijc  most  carefully  sur\-eyed  in 
all  civilized  lands,  a  process  greatly  assisted  by  the  innumerable 
»haf[)i  and  borings  which  penetrate  these  rock-i.  One  result  of 
this  gigantic  work  is,  that  the  history  and  life  of  the  Carbonifer- 
ou.%  are  belter  known  than  those  of  any  other  PaUeoxoic  period, 
though  our  knowledge  is  $>lill  veiy  far  from  complete. 

The  Carboniferous  rocks  are  displayed  in  very  different  aspects 
or  facie*  in  the  various  j)arls  of  the  continent  and  cvx-n  in  contigu- 
ous regions.  New  York  no  longer  f^ves  the  sundard  Kale,  for 
that  !>tnte  has  very  little  that  is  newer  than  the  Devonian.  For 
Ibe  eastern  pan  of  the  country  the  sequence  of  strata  in  Pcnn* 
sylvania  serves  as  the  scale  of  reference,  while  a  rer/  different 
one  Ls  needed  for  the  Mississippi  valley.  In  the  Rocky  Mountain 
region,  again,  the  character  of  deposition  deviated  markedly  , 
from  what  occurred  in  the  East,  and  all  over  the  far  West  the 
Cartmniferous  is  almost  entirely  marine,  without  coal.  Even  in 
Ihia  region,  however,  the  dUtinclion  between  Ihe  Lower  and 
Upper  Carboniferous  may  be  drawn.    The  following  tabic  gives 
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ths  foccoBoo  in  En^ud,  PcnD^hsiris,  *xxl  tbe  middle  West, 
nioaii.  Mi—".  Iowa,  etc 
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Aawricui  — The  Carboniferous  is  dit-isibic  inio  two  sh. 
marked  ponUm-.,  (be  Lower,  or  MisiJasippian,  and  Cpper,  or 
PeDiuylvanian,  a  dblincrion  which  is  ap[>lkaUc  in  all  tbe  coo- 
tinenu  in  which  the  strata  of  this  period  have  been  caieftiUy 
stuilitsJ. 

In  most  parts  of  \ortb  America  the  Devonian  passed  so  grad- 
tully  Into  ihc  Carboniferuus  thai  (here  U  no  definite  line  uf  division 
between  thcTn.  but  at  Ga5p£,and  !□  Nova  Scotia,  N'cw  Brunswick 
and  Maine,  there  was  a  time  of  upheaval  and  eroaion  toward  the 
end  of  the  Devonian,  (oUowcd  by  a  depression,  in  consequence  o[ 
which  there  is  an  unconformity  between  the  two  iystem.*.  Wliea 
Ibc  Carbon! fcmuH  jicriixl  Iwgsin,  most  of  New  V'ork.  New  England, 
and  eastern  Canada  were  above  sea-level,  but  the  Gulf  of  Si. 
Lawrence  covered  we^lcm  Newfoundland,  most  of  New  Bnuo- 
wick,  and  part  of  Nova  Scotia. 

The  Interior  Sea  e>:|>anded  wi<!clj',  [in>bab!j-  cm-ering  nc. 
ihc  whole  of  tlie  Great  Plains,  and  most  of  the  old  land  arca»  of 
Ihc  West  and  Southwest,  which  had  per-isted  lIircHijtb  more  or 
lc«!(  of  tbe  Siluriitn  and  Devonian,  were  exiensiwly  Mibmcrged, 


IHB- 


DISTRIBUTION  OF  THE  CARBONIFEROUS  ROCKS      6ll 


FUJ.  »73.  —  M*p  ul  Nuiil.  Amrrica  in  lh«  LoHrr  CiTtHHitfrioiw.     lUnclmniMi 


612  THE 

pnlNlii^  bdwb«  al  ttf  Males  I 
Aacfka.  Wot  of  dv  Kocftr  ItuwMMii  ^  TatirfiniM  b 
iDudi  the  moat  widdf  gxlradgd  «f  maj  of  the  riliiiii  sMem, 
dw  Ma  fncUagCfami^  Bfitish  Cdi^u,  n  baA  ddcs  of  tfa 
Odd  Rwy  wao  touAeMtera  Aluka. 

lu  cMHeqaeacc  of  tfab  piat  tranpcaaon.  ihr  CarinaBavai 
tfr«u  ml  uacattfornuUf ,  cr  "— ■■*t'™*  in  apfwciu  "-tfrwiwry. 
ufiMi  all  rbc  uliJer  ffjntnas  from  ifae  Piv-CaiiifadHi  to  the  Den*- 
nun.  The  Amic  cout  of  AlukA  wma  whrnciyd  and  9n«nl 
Uuid*  ot  the  Atak  Sea,  but  Ifae  mmb  porliaa  of  AUsk«.  winch 
baa  greU  utu  of  CaHMiufcrous  racks,  appeas  not  to  hare  been 
ttivaded  by  the  <ca  till  l'|>[icr  Carbonifrrmi^,  or  PcnnsylTaniaii 
liiDCS.  Actcvdiog  to  Girtj  doqc  of  tbc  kouw-n  Aladun  fauna*, 
eicepl  trom  the  north  ctmit,  "  can  be  runfulcntif  Tcferrcd  lo  the 
Lower  Cai'bonifcTou&.  The  typical  34issis9pptan  is  ccrtainff 
absent  at  f ar  a«  evidence  has  come  to  band,  and  but  nnr  occur- 
reocc  of  •  fauna  definitely  relaled  to  the  Lower  Carbooiferuu» 
of  California  (Baird)  ha>  Ijecn  found."  (Girty.)  The  favwU 
of  the  Baird  stage  in  California  are  entirely  different  fro«i  those 
of  (he  Interior  Sea,  and  if  actually  contemporaocous  with  the 
laltrr,  mii*l  have  bern  wpnnitcd  from  them  by  siime  bairiet. 
Tbc  Great  Ba>in  sea  appear™  abo  to  have  bcvn  separated  for  a  lime 
from  the  Interior  Sea,  but  communication  was  estabUshed  before 
(he  end  t4  tlie  Lower  Carboniferous.  O^Tr  ihc  Central  States 
and  ihc  Vim,  the  Mi^si-wipjiion  rijcks  are  almost  unif(»'mly  lime- 
stones, nbowiiiK  that  Ibis  vafit  sea  was  clear  and  free  from  icrrigc- 
nouK  sedimcnl'.,  but  probably  of  moderate  depth. 

The  iionhei.'ilcm  portion  of  the  Interior  Sea  was  divided  by 
ihe  islandt  of  ihc  Cincinnati  anticline  into  two  bays,  Ibe  easlen 
one  of  which  covered  most  of  Ohio,  wwtcm  Pennsylrania  and 
Maryland;  and  ihc  wusicm  bay  occupied  the  southern  peninsula 
ot  Michigan  ajid  had  but  a  narrow  rommunieation  with  the  6i»t- 
The  AppiiUihiiin  valley  iroutch  has  in  its  middle  third  a  ncariy 
or  quite  I  oniplitc  succession  of  the  Devonian,  but  lacks  the  carliuJ 
il^isippian,  indicating  a  brief  elevation  of  this  rvgion.     In  the 
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Soiilh  ihc  MSlcm  ttigc  (if  Ihf  Itilfrior  Sea  (nllowetl  the  line  of 
the  Appalachian  fold  probably  into  \'ir|{inia  and  there  broke 
acroAS  the  Ijiurier  and  sent  off  some  narrow  simnds  southward 
into  the  Appalachian  Valley. 

In  the  Acadian  province,  cc)in|iriiiing  Xnv.i  Scotia,  New  Bruns- 
wick and  Newfoundland,  the  Lower  CaTbonU'erou§  is  remark- 
ably like  thai  of  Great  Britain.  In  Nova  Scotia,  the  IforUm 
sandstone  corresponds  to  the  Calciferous  of  Scotland,  and  contains 
Ibin  Katns  of  coal;  it  is  followed  by  the  Windsor  sta^e  of  marine 
limestone  (=  the  British  Scaur,  or  Mountain,  Limestone)  which 
cont;iin*  beds  of  gjpsum.  The  presence  of  Q-pstim  shows  not 
only  that  ;K,x;tsionally  bixlics  of  »a-watcr  were  shut  off  in  closed 
lagoons,  but  aUo  that  an  arid  climate  prevailed  in  the  region. 

In  ca»tcm  Pcnn.'iylvaniu  Ihc  Lower  Carl>unifcTou»  hjts  a  maxi- 
muni  thickness  of  4000  feet,  but  thins  rapidly  southward  and 
M'estward.  The  Pocono  is  a  thick,  hard  iondstone,  which  caps 
many  of  the  mountain  ridges;  it  follows  down  the  Appalachian 
line,  thinning  an  it  goes.  The  area  of  maximum  sedimentation  may 
have  received  largely  continental  deposits.  Under  different  local 
names,  the  Pocono  extends  to  eastern  Kentucky.  The  Mauth 
Chunk  shales  form  the  remainder  of  the  I^wer  Carlioniferous 
in  northeastern  ['ennsylv:mia,  where  tlie  tliicke«l  portion  not 
improbably  represenu  a  great  delta,  and  ibc  prevalence  of  sun 
cracks  U  indicative  of  an  arid  clitnute,  :<uch  sis  pn>bably  prevailed 
in  Nova  Scotia.  In  Maryland,  U'cst  \'irginia,  and  Kentucky, 
part  of  tfait  series  U  composed  of  a  marii>e  limestone  (Crtenhritr, 
Nnvtnan).  Tbc  Lower  CarbonifiTou^  of  \'irginia  contains  some 
workable  beds  of  coal,  the  "  false  Coal  Measures."  Ohio  was  a 
rc^on  of  slow  sedimentation;  here  the  I^iwcr  CarlMmifemus  b 
formed  by  the  tt'averly  series,  which  is  divisible  into  seven  stages, 
some  of  them  carrying  tnorine  fauna.s,  and  U  only  700  feel  thick. 
In  the  Michigan  bay  were  deposited  the  sandstones,  grits,  and 
shales  of  the  Marihall  series,  tollou'ed  by  shales  with  some  lime- 
stone and  gypsum,  whence  wc  may  infer  that  the  biiy  wax  for  a 
time  converted  inlo  a  lalt  lake  and  that  the  climate  was  dry,  as 
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in  Sim  Scotia  sad  IViHuyliaanu  The  baj  m  won  a^in  in- 
vaded by  the  m,  far  a  atanae  »■*■«*'*"  o«ciSc»  the  gvpatamtB 
bok. 

Suotfawest  of  tbe«  man*  oe  few  cwpleiely  eacbuKd  hmj^  the 
Intcrinr  So  wu  dear  and  free  [rotn  tcni^EOoaf  Bateiul,  ao  tbal 
in  il  WEK  depooted  great  maMesof  ltB»cstOBe(isoofal  maxtmiim 
(toduKM)  fanned  frun  a  nv>tt  lazariaot  pwtii  irf  corals,  hradhi- 
opoda  and  crinoids.  In  the  Central  Stales  aaaj  diSeicnt  sUp» 
and  lubstagn  vaj  be  dt»liiigut»bcd  in  thcs  linMstooca.  and 
evidences  are  not  waaiiDft  of  floctuattaj;  sfaixv-linet.  Tbe  Xn- 
dtrhook  extend*  (artfacr  nncth  than  the  Osagt^  wide  the  SL  Umv 
iea  iffoa  extended  northward.  The  Osa^  series  b  rennriubfe 
lor  the  exuaordlnarjr  abundance  and  vaiietjr  of  its  dinoids,  tut- 
equalled,  perhaps,  in  the  wrwld.  This  produce:)  a  peculiar  facirs 
which  i*  nearly  conliDcd  u>  (he  XlbwiKd)^  vallrv,  hut  was  »■ 
leiMlcd  to  the  southwcsl,  inio  New  Mexico.  "  Bui  this  i-uoditinn 
appears  nut  to  have  invaded  other  western  part»  of  tbe  Ubsis- 
fiippian  tea,  where  I  believe,  under  unifovm  coodittoos,  tbe  Kin- 
derhook  faunas  pcrUstcd  ihrouf^h  Burlington  and  Keokuk  [i.e. 
Osajte]  time  without  feeling,  sive  in  a  subordinate  degree,  Ibe 
influences  which  helped  to  diflcreniialc  the  early  MlasisBippian 
fauna*  of  tlie  MivsLvkipin  Valley.'*     (Girty.) 

The  Lower  Carboniferous  was  brought  to  a  dose  by  a  veiy 
widespread  upheaval,  which  rctnured  nearly  Ihe  wbolc  Interior 
Sea  and  resulted  in  a  very  general  unconformity  between  ihc 
Minsinnijipiau  and  tbe  owrlying  PciintyUanian.  In  onty  a  ien 
areas  does  there  appear  to  be  a  continuity  of  liedimeniatitm  bc- 
Iwccii  Ihem  and  in  some  of  tliesc  there  l»  reawMi  to  think  that  the 
conformity  \s  apjjarent,  not  real.  The  Knskaslcia  faunae  are 
entirely  wanting  in  the  western  portion  of  (lie  Miuii^ippiafi  sea, 
but  lhi»  »hould  probably  l>e  inlcr{>reted  to  mean  that  tbe  upper- 
most bed.^  of  the  Lower  Carboniferous  were  .stripped  away  by 
denudation  during  the  interval  txtwecn  the  two  formatioDS,  when 
so  much  of  tbe  continent  was  liuid.  If  this  was  not  tbe  case,  the 
uplieaval  muxl  have  aflecled  the  we«u-Tn  [Kirtton  of  the  Interior 
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Sea  roiLuderaU)'  before  il  drained  the  central  and  ca.stern  portions. 
Some  folding  accompanied  the  upheaval  in  certain  areas,  as  in 
Iowa  and  northeastern  Pennsylvania. 

After  a  lime  of  t|iittc  j>r(tlonp;d  erosion  over  a  great  pan  of  the 
conlincnl,  a  new  HrrJcs  of  events  was  inaugurated.     In  Pcnn- 
sytvaniu  an  oroj^ic  mo^-^mcnt  look  pla^.'c,  raising  the  low-lying 
mud  flats  of  the  Mauch  Chunk,  but  down-warping  their  eastern 
iKinlcr  into  a  long  and  narrow  Imugh  which  vslcndcd  to  Alabama, 
and  in  this  trough  a  rapid  sedimentation  occurred,  forming  great 
iKKlie^of  gmrel  and  sand,  the  /'(•««'i//<  stage.     In  wiuihwcstem 
Virginia  there   is,  apparently  at  least,  continuity  of  deposition 
from  the  Mauch  Chunk  into  the  Polisville.    During  the  latter 
epoch  the  trough  continued  to  subyde  under  its  accumulating 
load  of  Midiment  and,  from  lime  to  lime,  to  Iransgres.s  westward, 
in  which  direction  the  higher  members  of  the  fcrics  extend.    The 
»u()»idence  of  the  trough  was  intcrmiltcnt,  and  fresh-waier  peat- 
bogs were  established  ujmn  Its  surfaix,  resulting  in  Ihe  formaiion 
of  coal-beds,  especially  in  the  southern  Appalachians,  where  the 
Pott^llc  is  6000  feet  ihlrJi.    The  water  which  fdled  the  trough 
vaiicd  in  character;    in  the  middle  of  the  epoch  marine  faunas 
extend  as  far  north  a.-^  central  West  \'irginia,  but  ihe  northern  por>  I 
lion  appears  to  have  been  an  estuary.    Over  the  Missi&sipi>i  valley  I 
thvMillictoncGril  and  various  sandstones  with  local  names  reprc-  \ 
sent  the  Pottsville,  but  ihe  evidence  of  the  fossil  plants  fhovn  that 
(be  MilUtone  Grit  is  not  a  single  bed,  but  that  in  different  places 
it  corresponds  todilTcrent  levels  of  the  Pottsville.    -At  the  end  of  the  I 
age  the  sea  eovered  much  of  the  Mississippi  valley,  perhaps  con-  I 
nccting  with  the  Michigan  baMn,  though  thi.t  is  doubtful,  but  El|] 
spread  over  weslem  Pennsylvania  and  a  great  part  of  Ohio.     "  It  I 
is,  highly  |)rolul>lc  that  by  ihi;;  time  the  Pottsville  sea  swept  across  I 
(be  Cincinnati  arch  in  southern  Kentucky  and  Tennessee  so  as  I 
to  connect  with  the  interior  region."    (D.  White.)  I 

In  Arkansas  the  Pottsville,  as  shown  by  the  fossils,  is  representee!  j 
by  a  series  of  limestones,  shales,  and  .sandsloncit,  which  ha^v  till 
ver>-  lately  been  placed  in  the  Lower  Carboniferous,  and  w  many  I 
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till.  ajA-  —  Map  of  Sonh  ArnTi.-j  in  the  Uppcf  CarlionlferoiB.  BUckaiciu* 
known  nposuid;  wliJIe  meai  =  Unil.  oi  unknown;  liorltoillal  Uno  — tcBJ 
doHcd  8rc4  ••Poraiui  at  Kaniu  >nij  Trim 
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localities  of  Potlsvillc  marine  animals  haw  been  fouDd  over  llie 
Wnl  as  to  make  it  probable  that  llic  sea  extended  to  Nevada 
(Girty),  while  in  that  state  the  same  stage  appears  to  be  repre- 
sented by  tiedti  which  contain  a  fauna  transitional  between  the 
Lower  and  I'pper  Carboniferous. 

Though  coisl  accumulation  had  begun  in  the  Poltsvillc  and 

evco  in  the  Mifsis$ippian,  (he  time  of  its  Formation  on  the  greatest 

^     scale  wa^  in  the  second  half  of  the  t'p|>er  C^r)>i)ii:fcrou$.    \':tst 

I     areas  of  low-lying  swamiu  iKjrdrrrd  ihc  Interior  Sea,  and  in  these 

ip-eHetalion  flourished  most  luxuriantly.    A  very  -.Urn  Aub^idenee, 

often  intcnniltcnt,  allnwccl  great  ihickncsses  of  vegclabic  material 

lo  Accumulate,  but  frequently  a  more  rapid  sinking  brought  in 

the  sea,  or  bodies  of  fresh  water  over  the  lx»g*,  killing  the  trees 

which  grew  there.    We  cannot  yet  determine  how  far  the  different 

coal  regions  repreitent  separate  basins,  and  liow  far  their  scjuini- 

tion  fa  due  to  the  subsequent  removal  of  connecting  strata,  but 

even  In  connected  areas  we  find  great  dilTerences  in  the  italurv 

and  thickness  of  the  beds.    This  indicates  that  oscillations  of 

Ie\'el  of  different  amounts  took  place  in  particular  parts  of  the 

same  basin.    Thus,  in  one  ix^riion  may  orcur  a  ixkiI  seam  of  great 

'     thkkncas,  divided  into  two  or  more  la)'crs  by  exceedingly  thin 

"  partings  "  of  $.hiile.    .As  we  trace  the  i  oal  seam  in  ihc  jwopcr 

direction,  the  partings  gradually  grow  thicker,  until,  perhaps, 

they  l)ec()me  strata,   lliai  intervene  betw-cen   vrry  distincl   and 

quite  widely  separated  coal  seams,  each  of  which  is  continuous 

with  the  corrcipunding  piirtitin  of  the  thick  warn.    The  meaning 

of  such  a  structure  is,  that  while  one  part  of  the  bog  subsided 

'     very  ^luwly,  permitting  the  almost  uninterrupted  aciumulation 

I     of  >'cgetable  matter,  other  portions  sank  niiirc  rapidly  and  were 

i     inundated  with  water,  whiih  deposited  mechanical  sediment-t  on 

^^kc  surface  of  the  submerged  bog. 

^H  Hardly  more  than  a%  of  the  ihicknefs  of  the  coal  mea-nires 

f    consists  of  workable  coal.    I'hc  strata  are  mostly  sandstones, 

'     shales  clays  and  in  M)mc  regions  limestones,  uilerstratitied  v.-ith 

numerous  seams  of  coal  of  very  varied  thicknesses.    This  oltci^ 


^ 
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nafion  oC  eoal  with  mechankal  dcposu  does  rm 
even  pnbably,  ita\>\y  nft-rcijeatcd  <i<ciIUl>uRs  at  kvtl,  but 
be  explained  by  assuming  a  general,  slow,  but  iniermittcnl  sob- 
ndcnrc.  A/rer  each  submergence,  we  may  suppose,  tbc  muve- 
meitt  waa  nearly  or  quilc  arrested,  and  the  sbaflon-  wuicr  wn.v 
filled  u|>  wnib  MKlimeiii,  until  a  bog  could  again  be  (armed.  Doubt- 
less, mo^-vmcnt?  of  elevation  also  occurred  at  times,  but  the  general 
mttvemcnl  wa.^  downward.  In  the  Nova  Scotia  field  are  Jb  dis< 
linct  coal  scams,  each  of  which  implies  the  formation  of  a  .separaie 
bijg.  Beneath  roijot  c<»al  «;am^  (iccun  wbai  miners  rail  the  "  scat- 
stone  "  or  "  undcrclay,"  which  is  ordinarily  a  fire-clay,  or  it  may 
be  >iliccou.-s  but  i-t  always  evidently  an  andeni  mhI.  The  under- 
clay  is  tilled  with  fossD  roots,  from  which  often  rise  the  stumps 
of  iKC-i  that  penetrate  Ibe  coal  seam,  or  may  eveit  exien<l  many 
feet  above  it.  The  mtk  which  lies  on  a  coal  ftam  b  usually  a 
shale,  stained  black  by  organic  matter,  but  may  be  a  sandslune 
or  even  a  limestone,  iicconfing  lo  i!ie  <tep4h  of  water  over  the  sub- 
merged  bog. 

That  cual  U  of  vegetable  origin  b  im  longer  questioned.  Such 
a  mode  of  origin  ia  directly  proved  by  microscopical  examination, 
which  sbowA  that  even  the  hardest  anthracite  U  a  m»»»  of  car- 
bonized but  determinable  vegetable  fibres.  On  the  other  hand, 
there  hojs  been  much  difference  of  opinion  concerning  the  way  in 
which  such  immense  masses  of  vegetable  mnlter  were  brou^t 
logeihcr.  Much  the  most  probable  view  is,  that  ll»e  coal  was 
formed  In  position  in  great  {Kat-bogs,  ailded  to,  no  doubt,  t^fll 
more  or  less  drifted  materia.  The  ciidcncc  for  this  view  i*  to 
be  found:  (i)  In  the  great  extent  and  uniform  thickness  and 
purity  of  many  coal  seams,  which  we  cannot  account  for  in  any 
other  way,  Had  the  vegetable  mailer  l>wn  largely  drifted  to- 
gether, it  mu4t  have  been  contaminated  niih  sediment  and  could 
not  have  been  spread  out  m  evenly  over  great  areas.  This 
objection  to  the  *'  driftwood  theory  "  becomes  all  the  stronger 
when  it  n  n-memlH'rrd  ihikt  the  process  of  converting  vegctalile 
matter  into  coal  greatly  reduces  its  bulk,  a  given  thickness  of  coal 
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rcpieKniinfi;  only  about  ■;%  of  (he  original  thicknr^  of  vcfEctabte 
sufaeUiKc.  Thus  a  so-foot  scam  uf  coal  ini|ili<»  ihv  ati-umuLa- 
lion  of  nearly  300  fed  of  plants,  and  it  i^  highly  improbable  that 
such  a  mass  o^uld  have  tx-cn  ovctily  !.]>read  as  drift  ovi-r  hi]n<irt^s 
(or  even  iliousantU)  of  square  mile*,  without  a  large  admiJilure 
of  mud  or  sand.  (1)  The  vcr>'  general  pn-ieiice  of  the  undetclay 
beneath  coal  seams  poinis  (o  ilic  same  tonclusion.  An  undcrclay, 
as  we  have  MH-n,  is  ao  anilent  soil,  and  is  of  jii-^t  ihc  >ame  cliar- 
actcf  as  that  which  we  find  under  such  modem  peat-bogs  as  the 
Great  DiMnal  Swamp. 

The  subwdcncc  of  the  bogs  and  the  deposition  of  sediments 
upon  Ihem  gradually  built  up  the  great  i<erie«  of  strata  which  are 
called  ihc  coal  measures.  The  peat  ivas  thus  subjected  to  the 
steadily  increaiing  pressure  of  the  overlying  masses,  which  greatly 
aidci)  in  the  iratisformiition  of  the  vegetable  acniniu latinos  into 
coal.  Where  the  coal  measures  have  been  folded,  the  still  greater 
pressure,  aided  l>y  heal,  and  jKrrhaps  by  steam,  has  resuiti-d  in  the 
formation  of  anthraciEe.  The  greater  number  of  the  Carboniferous 
lK)g!t  appear  to  have  tieen  ctn-ercd  by  fresh  water,  though  «ome 
were  coast  swamps,  extending  out  into  brackish  or  c^'cn  salt  water. 

On  the  other  hand,  it  must  be  ailniiited  that  there  are  ntn  a 
(cw  cases  to  which  the  i>cat-bog  thcor)-  docs  not  apply,  forcxamplc, 
to  the  small  coal  basins  in  the  central  plateau  of  France.  The 
famnti^  [jasin  of  Commeniry  is,  aiTording  to  Fayol,  explained 
without  diAiculty  by  regarding  it  as  a  delta  formation  in  a  large 
lake.  The  cctane  gravel  was  de|>osilcd  in  inclined  beds  imme- 
diately at  the  mouth  of  3  swift  stream,  the  finer  sediment  was 
carried  farther  out  and  Ihe  floating  masses  of  ^-cgelulion  still 
farther.  Tbc  vegetable  matter  became  waler-loggcd  and  sank 
to  the  lake-bottom,  where  it  was  frer  from  sediment.  Such  a 
case,  however,  has  little  ticaring  upon  tbc  great  coal-tields. 

The  workable  coal-lielda  of  Xorlh  America,  belonging  to  the 
Carlxiriiferous  system,  are  found  in  several  distinct  areas  son>e 
of  which  were  doubtless  separate  basins  of  accumulation,  while 
others  liave  become  di.sctHU)ecicd  by  denudation. 
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(f)  [>  tke  Ao&B  pwwiacB  Ae  coil  bk^rs  odcv  is  ikt 
Uaad  (rf  C^w  BreUn,  Svn.  Scsdi.  ari  Scv  BoHwfcA;  n 
Novs  ScDcu  they  sre  of  UHi.dM  iKifc— ■*,  ;ooo  int,  vicfa  6goo 
feet  of  noderiTios  caogMiaaie.  Tkr  Coal  Mm«»«*  itf  Xon 
Scods,  tiK  Upper  CiriinngmHtj ,  mi«g)ljF  imatih  tbe  qrpe  d( 
oenli^ittcnf  ra  teitti  jI  Fnpjw^  Tbe  iwicwif  ^Ktf  ■  bud 
cwntoHwraie  is  the  MiBaoBe  GfiL  A  seond  baan  a<  tfak  prav- 
iocc  b  oear  WcnrNer  (Uaa.),  nd  a  ihnd  rUenib  ifanm^  Rhode 
Uiad  inio  soodwastem  **■■■'■*■■■■"■  The  boer  baaoi  an 
tnelamorpinc  and  yield  a  tcrj  baid  antfatadlK. 

(3)  The  f^eu  Appabchua  field  has  an  area  of  man  ihu 
50,000  tquaxc  mile*.  It  cortm  iiin«t  at  cciitnl  aad  ontrm  faia- 
sjivania,  eastern  Ohio,  western  Xxryland  and  Mrpoia.  and  West 
VirptM,  coitcTTi  Kcntotkf  aad  Tenncv««.  to  northern  Alabama. 
Ib  this  Md  the  mcaguTK  arr  thinner  than  in  N'lm  Scotia;  the 
beda  are  thickol  alijng  the  Appalacfaiui  shore- line,  about  4000  ieet 
in  westera  Peoasylrania  and  6000  in  Ahhama.  thinning  nuich 
to  the  westward. 

(j)  Id  Michigan  ibe  mcasores  arc  only  »boiit  yoQ  Ieet  tUcfc, 
and  were  doubilcwt  laid  dtnm  in  an  bolaied  basin. 

(4)  The  lodiana-Illinoi;  6eld,  n-hicfa  extends  inio  Kcntudiy, 
li  from  600  to  1000  feci  thick. 

(5)  The  Iowa- Missouri  &eld  cxtotds  soalhward  anHiad  the 
Pala^rAik  Island  of  southern  Missouri  into  Arkanuks  and  Texasi. 
In  Arkansas  the  Cartwnifcrous  sjrstcm  attains  a  greater  thick* 
ne«i  than  anywhere  cbe  In  North  America,  and  all  but  an  tnaj;- 
niftcant  amount  «f  ihis  L*  Pcnnsylvanian. 

The  two  latter  6eld4  are  separated  by  a  very  narrow  inten'al, 
and  almost  certainly  were  oooe  continuous;  ibe  Indiana- Ulinnii 
field  was  probably  al«i  connected  niih  the  Appalachian  area 
acroM  wettcrn  Kentucky  and  Tennevee. 

As  the  coal  measures  are  traced  westward  into  Kan'ias.  Nebraska, 
ai>d  adjoininK  siaic^,  we  find  ibero  dipping  beneath  strata  of  a 
very  much  later  date.     When  they  once  morr  return  to  the  suifaoe. 

Id  (be  Rocky  Movrnxain  tei5*™,  ^w-j  ■«?(*»'  wuiM  mv  witircly 
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new  aspect,  being  here  altogether  marine  «nd  containing  no 
cool. 

After  the  PotCsvillc  age  and  during  the  formation  of  the  Coal 
MeiiMires,  ihe  Interior  Soa  was  greatly  restricted  in  the  Missi'isippi 
valley  by  the  broad,  surrounding  fringe  of  swampfi  and  bogii, 
which  the  sea  periodically  invaded.  The  same  succession  of 
great  swamps  followed  the  Appalachian  line  into  northeastern 
Pennsylvania  and  probably  into  southern  New  York.  In  eastern 
Pennsylvania  the  sea  rarely  came  in  during  the  formation  of  the 
coal  measures,  but  once,  at  least,  jjenetrated  to  \Vilke»-Barr^. 
Westward  the  Inicrior  Sea  probably  did  not  extend  to  Nevada, 
as.  that  of  Pottsvillc  time  had  done,  but  ended  farther  east  along 
a  line  not  yet  determined.  A  shore-line  in  Colorado  is  indicated 
by  the  generally  sandy  and  conglomeratic  character  of  the  Pennsyl- 
vanian  rocks  in  ih.it  Mate,  which  \v,iw  an  eastern  tyjw  of  fauna. 
On  that  account,  tlirty  has  "  tentatively  assumed  that  the  line  of 
division  between  the  Fa.slern  and  Western  pri>viiice;i  pa.v-*es  through 
western  Texas,  central  or  eastern  New  Mexico,  western  Colorado, 
and  1(0  on  upward,  in  a  iiorthweMerly  direction,  following  nearly 
the  trend  of  the  Rocky  Mountains." 

The  northw^cstern  arm  of  the  Interior  Sea  was  shifted  eastward 
from  the  position  il  had  occupied  in  the  Lower  Curlxinifcniu.s  and 
apparently  joined  the  Arctic  Ocean  instead  of  the  Pacific,  6ub- 
iDcr^ng  nearly  the  whole  of  .Alaslca,  ext-ept  a  broad  belt  on  the 
Pacific  side,  this  belt  of  land  continuing  southward  through 
British  Columbia  to  Oregon.  The  area  of  the  »ea  was  somewhat 
diminished  in  southern  and  western  Mexico  and  in  Central  America. 

The  Carboniferous  period  in  North  .America  was,  on  the  whole, 
a  lime  of  tranquillity,  with  oscillations  of  level  and  shifting  of 
the  l>oundaries  of  land  and  wa  from  time  to  time,  such  as  have 
been  described  in  Ihe  (oirgoing  i>iiges.  A  very  general  upheaval 
0*  the  continent  brought  the  Missi^ippian  to  a  close  and  the  suc- 
cee<liitg  lime  of  erosion  nxs  folloneil  by  H>ine  folding  in  llw  Ap- 
palachian region,  the  formation  of  the  PotUvitte  Uwi^  mA'^c« 
renewed  irumgression  o(  (he  sea.     Vo\caaw:  incl^vw^  a^lJ**''^  ^ 
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have  been  conrinc-<)  i<>  ihc  Pacific  coii«t  region;  ihc  Lower  Car- 
t)i>rii/erous  of  BrilUh  Columbia  is  largely  made  up  o(  v<ilcanic 
material,  and  vul('ani%m  was  mitnifevtci)  in  the  U|^ier  Carboa- 
iferous  of  ihc  coa^l  from  Ala<Jia  to  California.  In  tranhwcskra 
Kentucky  and  M>uiliern  Illinois  tl>e  CarlN>nIferou!(  rocks  nre  cut 
by  dykes,  but  these  may  have  been  formed  at  a  long-subsetjuenl 
lime. 

ForeigD.  —  In  Europe  the  CarlMniferous  sj-elora  is  developed 
in  a  lery  inicresiinR  way.  In  ibe  western  and  central  i>arU  cA 
ibi-  continent  (and  in  Gn-iit  Britain)  ihe  succession  of  sirala  b 
very  similar  to  that  of  the  caslcm  half  of  Nonb  America,  while 
in  Russia  il  has  more  anatcijty  with  the  we^lcrn  half  oi  our  con- 
tinent. 'ITic  changes  of  level  which  opened  ihc  period  concerted 
much  of  the  Devonian  sea-l>ed  into  land,  but  at  tlic  same  time 
the  sea  broke  in  over  many  of  the  closed  basins  in  which  tl>e  Old 
Red  Sandivtone  had  been  laid  down.  From  the  «x-ni  of  Ireland 
to  central  Germany,  a  distance  of  750  miles,  strcichcd  a  clear  sea. 
free  from  terrigenous  sediments,  in  which  flourished  an  {iicrcdihlr 
numlwrof  corals,  crinoids,  and  other  calcareous  orgatusms.  From 
Ihdr  remains  was  consirucicd  an  immense  mass  of  limestone, 
having  a  lhii;iine:<.t  of  fiooo  fert  in  tht?  mirlhwest  of  Fjigland  and 
of  3503  feet  in  Belgium.  Above  this  great  "  Mountain  Limestone.' 
as  il  is  called  in  England,  come  ilie  coal  mea.iiire».  In  ScotUnd 
the  limestone  is  rc|)laccd  by  shore  and  shallow-waler  formations, 
such  ^  sandstones,  with  some  coal.  In  the  southwest  of  |->igland 
and  cast  of  the  Rhine  in  Germany,  the  Lower  Carboniferous  is 
represented,  not  by  a  limestone,  but  by  a  series  of  sandstonct 
and  alaies,  called  the  Culm,  with  the  coal  measures  above.  In 
Rus«a  the  order  of  succession  is  rc^'crscd,  the  productive  coal 
betU  lieing  below  and  the  great  bulk  of  the  limestone  abo\'c,  but 
ihcrc  is  some  productive  coal  interstratificd  in  the  marine  lime- 
stone.t  of  the  Donjetx  basin  in  the  south.  Tlii«  younger  Carbon- 
iferous limestone  i?  principally  com|Ki9ed  of  shells  of  Foraminifera. 
Great  areas  of  Miuihem  and  eastern  .V>ja  are  covered  by  thi> 
icstonc,  which   is  also  largely  developed  in  western  North 
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America,  cxicnding  as  far  casl  as  Illinois.  In  southern  Europe, 
Spain,  the  souili  of  France,  the  Alp)>,  and  the  Balkan  {;enin.iula, 
the  Lower  Carboniferous  is  partly  limestone  and  partly  Culm, 
white  the  Upper  ti  largely  made  up  of  Ihe  (oraminiferal  limestone 
associated  with  clastic  rocks.  In  the  Arclic  Sea,  Nova  Zecnbta, 
Bear  Island,  Spitzbergen,  and  Greenland  have  Upper  Carbonif- 
erous limestones. 

The  following  table,  from  Kayser,  displays  the  relations  of  the 
Carbon  if iTous  beds  in  eastern  ami  wcMcrn  F,uroi>c;  — 


Ujuma  FMBt 

Upper 
Cailwnifcroo*, 

ProiluciJvc 

Co«1  Mca.'urec 

(WtMcTD  Europe). 

Younger  Carfaonifctaui  or 

Fusulina  Linicvloiic 

(Runia,  clc). 

Lover 
C'Hibonilmus. 

Piod  active 
C<m1  Mrxum 

(Rujfia.  fic.l. 

Lover  Cubonifereus 

LlniMtODC 

f^Vc^lcm  Ei|ro|)f). 

Culm 

In  %vcslern  turopc  the  Carboniferous  period  cli<t  not  run  such 
a  tranquil  course  aa  in  North  America,  but  was  broken  by  dis- 
iurbam.es,  of  which  the  greatest  were  at  the  close  of  the  IjjwcT 
Carlmniferous  epoch,  when  the  rwlcs  were  folded  and  upturned 
over  extensive  regions.  These  movements  were  accompanied  and 
followed  by  volcanic  outbursts,  especially  in  Scotland,  France,  and 
Germany,  and  great  eruptions  occurred  in  China  at  the  end  of  the 
period. 

In  Asia  are  large  areas  of  Lower  Carboniferous  limestone  and 
Culm,  and  of  the  Upper  Carboniferous  both  ilie  toraminiferal 
limestone  and  productive  coal  measures.  China  k  one  of  the 
richest  countries  in  the  world  in  supplies  of  coal.  Fofaminiferal 
lin»csiones  of  the  Upper  Carboniferous  »n  fouttd  in  Japan, 
Borneo,  and  Sumatra. 

i4/rff4t.  ^  Carboniferous  limestones  are  found  in  Morocco 
an<l  ilie  Sahara  and  Egypt.    In  the  soutlwm  part  of  the  conli- 
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npiil  n"  inirinc  ntcki  al  \he  period  are  knoirn.  In  Cape  Colon; 
tha  Wlllf  (<cf((  i)uailzil«R,  which  ovcriic  the  Devonian,  have  Lower 
('•rtnnilfchtuii  )>liiiUti,  unil  in  the  Zambesi  dUlrict  near  tbc  e^t 
niiM  U  a  r<uil  Imitiii  uf  I'pjwrCarliofiifcmus  age,  which  ba&  a  dun 
llkr  Out  111  (lie  hiiihi-r  Coal  Measures  of  Eurojie. 

Ai(i>rtllii|{  til  Kr«h,  Ihc  rarSonllcrou*  of  Auttraltc  is  confined 
III  ihi-  Irimi'tdivthlon  and  appears  intlie  eaMcro  haJf  of  the  con- 
tlltnil,  mill  In  Tanmania.  In  ihc  second  hull  of  lh«  pcrriod  wk, 
a  time  «>!  rU-vatlim  and  erosion. 

In  .ViMiM  Amrriiii  (he  CarixtjiiferotM  i»  not  nearly  so  cxtcnaiTc 
a*  ibi'  lK-^i>iilani  iIm  l^iwcr  C'artHtniferous  is  principally  racn- 
[HHcd  u(  uindMoiie*,  which  in  Ar^nlina  contain  planl»  so  simi- 
lar 111  lltine  o(  Stviiih  Africa  and  Au-iirulia  a>  to  indicate  the 
imiluiliilliy  iif  a  land  rtmnetiion  between  ihpie  continents;  lime- 
tUnv*  of  lbi«  dale  Iwivc  i>een  n:|xirlcil  (roni  Chili.  The  Upper 
tltrUhm.  laryely  of  limestoiKs  bos  been  found  in  Pent,  BoJiria, 
and  Hrdknil.  in  the  Uiler  it  hat  a  ^at  cxtnuiun  in  the  Amasoo 
««1W>  mul  lvU<«jrs  to  the  uiticnnosi  pan  of  the  s^em. 

CtbiMit*.  ~  Tbe  ^trikin;:  tmifcvmitr  of  the  dtmale  during  ibe 
CutMoifrnHn  b  indkated  by  the  d&uibutjoB  of  the  fnesOs,  moce 
rfpKialty  nl  the  plants,  vhich  arc  atawM  the  sanw  in  the  Arctic 
mkI  Ttu|i*^al  iTp^«».  Tltc  furtaation  vi  coal  ia  ra>t  pcu-bo^ 
(tan  MH  in(<4y  a  tiupicti  dtanue.  but  ruhtv 
•Kt  wMfcraK  Kanpanratc.  h  the  Lower 
INkviuSikI  te  aufOkettsfteni  ABaen.-a.  and  it 
awt  ivefc-4ak  were  (ueaed  mmt  oi  ds  Ttol 
tumt  vaAtmx  uf  an  Aatrinn  uestfaek  « 
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Plants.  — The  Carliiinifen>u*  ri'^iulion  b  of  very  much  ihe 
same  character  as  thai  of  ihe  Devonian,  but  owing  to  the  peculiar 
ph}-»ii-d  geograjthy  of  the  limcs,  the  [)lants  were  [ireseneil  as  fos- 
sils in  a  much  more  complete  state  and  in  vastly  larger  numbers. 
Tlic  tltira  is  a>mpti>ed  entirely  til  the  higher  Cry|>I«gamN  and  the 
Gymnospcrms,  do  plant  with  conspicuous  (lowers  having  come 
intu  exiMence,  so  far  as  n-e  yet  Itnow.  By  far  the  m<Ml  abundant 
of  Carboniferous  plants  arc  the  Ferns  (I'ilicales)  which  flourished 
in  muliitudci  of  ^pecie4  and  individuals,  both  as  latl  treei.  and  a^ 
lowly,  herbaceous  plants.  Many  of  these  ferns  cannot  yet  be 
compared  with  modem  ones,  because  the  organs  neceiisaiy  for 
trustwiirthy  cla-s^irication  have  nut  been  mcivercd,  an<l  such  arc 
named  in  accordance  with  the  venation  of  the  leaves.  In  other 
casai  (he  compari^m  with  exir^ting  fernH  may  Ix  cietinitely 
made,  and  these  remains  show  that  many  of  the  modern  families 
(MiiraUMtete,  OphioglossMot,  etc.)  had  reprtoentativcs  in  the 
Carboniferous  forests  and  swamps. 

Even  more  conspicuous,  though  much  les*  varied,  were  the 
Lytapods  (l.ycnpoilialcs)  the  remarkable  character  of  which  has 
been  elucidated  by  the  long-continued  and  laborious  effoos  of 
many  invc^tigatora.  While  the  Ferns  have  remained  an  im)Kirtant 
group  of  plants  to  the  present  time,  the  Lycopods  have  dwindled 
to  t  few  insignificant  herbaceotis  furm»,  but  in  Cartioniferous 
limes  they  were  the  abundant  and  conspicuous  forest  lices,  at 
least  of  the  swampy  lowlands.  One  of  the  most  charaderLttie 
of  these  trees  wai  I^pidodendroit  (PI.  X),  of  which  many  species 
have  been  found  in  the  coal  measures.  These  great  club-mosaes 
had  trunks  of  3  or  3  feel  in  diameter  an<i  50  to  75  ifvi  high,  which 
possessed  the  remarkable  quality,  for  a  Cryptogam,  of  an  annual 
growth  in  lhicknes<>.  At  a  considerable  height  alHi^-e  the  ground 
the  trunk  divides  into  two  main  branches,  each  of  these  again  into 
two,  and  so  on  (dichotomous  division).  The  younger  parts  of 
the  tree  are  co^vred  with  l<mg,  narrow,  stiff,  and  pointed  leaves, 
while  the  older  parts  are  without  leaves,  which  haw  dropped  off, 
making  con^^picuous  scars,  arranged  in  spiral  lines  around  the 
as 
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stem.  At  the  tnds  ri(  the  twigs  in  «ume  .■'[xrcies,  or  on  (he  sides 
of  (he  trunk  and  LtT^cr  branches,  in  others,  arc  found  the  spore 
bearing  bodies,  which  h;ive  much  ihe  ap|w:iruii<-e  of  pine-cone». 
The  stem  was,  lo  a  large  exicni,  liHed  with  loose  tissue  and  had 
»nly  a  relaiivety  small  amount  of  wood. 

Another  very  c  ha  rat  (eristic  and  abundant  tree  is  SigiUaria 
(PI.  X) ;  it  i.t  closely  allied  to  LepJdodcndron,  but  has  a  very 
difTcrvnl  appcarani-c.  The  trunk  is  quite  short  and  (hick,  rarely 
branchiiif;,  and  with  a  pointed  or  rounded  tip,  much  as  in  the 
great  Caaus;  the  IcavY;s  are  similar  to  those  of  l^cpidtxlcndrcin, 
but  are  arranged  between  vertical  ridges.  Sigillaria  aUo  poswssed 
the  jMiwcr  of  annual  iinrcaK-  in  rli;imcter.  Bolh  lA-pidodi-ndron 
sod  bigillaria  are  provided  with  branching  rhiiome.'.,  or  under- 
gn>und  Uva>»,  which  carry  ringer-likc  a|i[)endagi^s  inserted  into 
Before  the  nature  of  thcw  rhizomes  was  understood,  they 
regarded  as  distinct  plants  and  named  Siigmaria. 

A  third  group  of  Crj'pingaTns,  the  EquUtlalts,  or  Horsetails, 
were  of  great  importance  in  the  Carboniferous  forests.  Tlie 
CtUamites  were  Heildeilly  superior  (o  the  existing  honwtaib,  nol 
only  in  size,  but  in  many  features  of  organization  a.s  well.  These 
plants  bad  tall,  slender  s(eins  divided  liy  tranM'er^e  joint.'',  with 
a  soft  inner  pith,  surrounded  by  a  ring  of  woody  tis.'^uc,  which 
grew  annually  in  thickncM.  The  «ha|)c  and  arrangement  of  the 
leaves  dtlTcr  much  in  the  various  genera,  and  even  in  diSercnt 
parts  of  the  same  plant:  for  example,  tlwy  arc  needle-like  in 
AstrophyUiUs,  while  in  Annularia  they  arc  broad  and  at  (Ik  base 
ontted  into  a  ring  around  the  Mem,  but  some  species  of  .'\nnularia, 
at  least,  are  probably  merely  the  branches  of  larger  calamites. 
The  shape,  size,  and  position  of  the  spore-bearing  organs  likewise 
differ  in  the  dittcrcnl  genera,  but  often  resemble  those  of  the 
modern  horsetails.  The  ha.se  of  the  stem  lapeni  abruptly,  and 
t  either  connected  with  a  horizontal  rhizome  or  giiTS  off  a  bundle 
of  roots.  Kragments  of  calamite  stems  are  among  the  commonest 
Foosils  tt  the  coal  me-wuies. 
The  ibrar  prcctding  group*  of  Cryplogarns  a\\  \\av«  TCVTt*«:tv\a.- 
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in  the  modern  world,  an<l  one  of  them,  the  Ferns,  is  still 

niiid^l  and  v&ried.  In  addition  to  these,  Carbonifemu; 
vegetatioii  had  two  other  i.T)'[>t<>gainir  tjlnsses  of  great  interest, 
which  are  now  extinct,  and  arc  not  known  to  haw  pa.v>cd  l>cyiHid 
the  I'ala-oxoic  cnt.  Of  these,  the  fiM  i.t  tile  class  SpkntophyUala,  | 
a  group  of  very  slender,  probably  climbinp;  and  trailing  |>Unt.N 
with  tmiM  leaves  varying  In  shu|>e  in  difTcrcnl  j)luits  and  differtnt 
parte  of  the  same  plant.  Some  of  tlie  lea\-c»,  which  are  alwatn 
small,  are  wetliieshaped,  others  are  divided  and  others  again  ait 
narrow  and  simple.  The  great  interest  of  the  class  lies  in  the 
fact  that  it  is  intermediate  between  the  horsetails  and  club-mofi^s, 
and  doubtless  its  Carlxinifrrous  re[ircscntat»<es  were  the  nur- 
viv<vs  of  an  ancient  group  which  was  ancestral  to  Ixich  club- 
mosses  and  horsetails. 

Even  more  remarkable  is  the  class  Cycadejitkei,  uhich  was 
extremely  abuntbnl  in  the  C.irbiniifcrous  forests  and  swamps, 
and  which  affords  the  long-sought  transition  between  the  fluwer- 
le«s  and  the  [lowering  plants,  connecting,  a*  its  name  implies, 
the  ferns  and  cycads.  In  external  appearance  of  stem  and  folla^ 
the.<c  plants  most  rcembled  tree-ferns. 

The  Hffu.'ering  Plants  are  still  represented  only  by  the  Gvmnft- 
s|>erm«i,  of  which  the  dominant  group  is  the  Ccrdaitnr  (see'  Pi  X), 
which  were  slender,  rer)*  tall  tree»,  "  with  trunks  rising  lo  a  great 
height  Ixfore  branching,  and  bearing  at  the  top  a  denw  crown, 
composed  of  brtinches  of  various  orders,  on  which  simple  leaves 
of  large  si«  were  produced  in  great  abundance."  (D.  H.  Scott.) 
The  centre  of  the  trunk  was  octupieii  by  a  large  w>fl  |>ilh,  and  the 
leaves,  with  their  parallel  venation  resembling  those  of  lilies  and 
grasses,  were  long,  broad  in  must  specie'',  narrow  in  others,  and 
cither  sharply  pointed  or  bluntly  roundeii.  The  CordaJteie  had 
afTinittes  with  each  of  the  three  exiiting  orders  of  Gymnosperms, 
the  Cycads,  Conifers,  and  Gingkos,  but  is  not  referable  to  any  of 
llienv  The  three  orders  named  may  al!  have  existed  in  the 
Carboniferous,  but  this  is  not  definitely  known. 

The  Carlx>niicroMs  fton. »  toctAn  v\«\i«xi«aM\  ?»«.  somewhat 
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advanced  and  diversified,  and  the  forests  were  of  the  same  gloomy, 
monoUinous  chonuttT  a.'s'fwfore.  The  wide  di.^Iribuiion  and 
unifono  character  of  ihis  flora  arc  vrry  remarkable;  we  find  the 
some  or  nearly  allied  <|Wf  ien  «f  plants  -.prcad  over  Norili  America, 
Europe  (even  in  the  polar  lands,  like  SpitzbcrgcM  nud  Nova 
SCembla],  Siberia,  China,  ihc  Sinai  peninsula,  Brazil,  Australia, 
and  Tasmania. 

Foruninifeni.  —  For  the  first  time  ihcsc  animals  assume  con- 
siderable imiK>rtanc-e  \n  the  earth's  w«nomy.  Many  genera 
which  are  siil!  living  had  representatives  in  the  Carboniferous 
Kcas,  but  the  mml  conspicuous  and  abundant  i^  the  extinct  Futu- 
Una  ( XII,  I,  1  a),  a  very  large  kind,  with  shells  resembling  grams 
of  wheat  in  sir*  and  -.hape.  This  genus  is  especially  developed 
in  the  Uinxrr  CiirlK>nifcrous,  while  SckuvgrriKi  charactcriMS  the 
uppermost  pari  of  the  S}-slein.  In  the  Salem  limestone  of  Indiana, 
a  well-known  bulliling  stone,  of  iheMississippiaii  scries,  En^lbyra 
(XI,  i)  is  abundant. 

Sponges  are  common,  though  rarely  found  in  giKx)  preMrrvation. 

Ccclentenita  — Corals  were  abundant,  and  contributed  largely 
lo  the  limestones;  the  genus  LUhosintion  (XI,  3),  which  is  peculiar 
to  thi-s  jieriod,  plays  a  very  prominenl  part.  Lapliophylliim  is  found 
in  the  rpper  Carboniferous. 

EchiDodermata  make  up  an  exceedingly  im|Mirlant  [Mirt  of  the 
Carboniferous  marine  fauna.  The  Cysloids  have  disap|>cared,  but 
ibe  Bliisknds  have  developed  in  great  nuralier^,  and  are  highly 
characteristic  of  the  Carlwniferous  limestones.  As  the  gn>up  is 
entirely  extinct  and  does  not  pass  beyond  the  Carboniferous  sys- 
ccm,  its  structure  has  mu<:h  that  is  ])roblcmatical  alwut  it.  The 
dcUcalc,  symmetrical  body,  or  ailyx,  which  is  carried  on  a  short 
stem,  is  compiled  of  a  small,  detinitc  number  of  pla(c«,  and  Ha.t 
five  "  pscudoambtdacral  "  areas,  which  looJt  much  like  the  am- 
bulacra of  a  sea-urchin.  In  exceptionally  well -pft»crve<l  »peci- 
mens  numl)crs  of  delicate  pinnules  arc  attached  to  these  areas. 
The  must  abundant  genera  are  PeiUrcmila  {W,  \-^  vtA  GrainA- 
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All  Other  Ecbtnodemu  of  ibe  Carboniferous  sea-t  were  ullcrly 
inUgni6canl  as  compared  u-tth  (he  Crinoids,  which  reach  ibcir 
culniinalioii  of  devciopmcnt  in  this  period:  more  than  boo  species 
bave  bccD  described  from  the  Carhgnifcruu.-^  timcstones  of  North 
America  alone.  Certain  localities,  such  as  Burlington  (la.)  and 
Crawfordsvilic  (Init.),  are  famous  for  the  v;l>1  numljcrs  and  ex- 
ciuisite  preser\-ation  of  their  fossil  sca-lilics.  The  crinoid  renuins 
occur  in  such  multiludes  that  in  many  placctt  the  lime^lonn  arc 
principally  composed  of  them;  in  such  places  Ihcy  must  haw 
covvre<t  the  sea-b<rtlom  like  miniature  fore--.1s.  But  this  extraor- 
dinary abundance  b  not  general  nwr  North  America,  but 
characterizes  the  Central  States  only  and  Mississipplan  lime, 
especially  the  Osage.  All  ihi^Carlionilerous  Crinoids  like  those 
<>(  il»e  earlier  periods,  belong  to  the  extinct  order  Camenla,  none 
of  which  iMSsed  over  into  the  Mewoioic  era.  Of  the  long  list  of 
Crinoids  found  in  the  rocks  of  this  system  may  be  meniioncd 
Adinccrinus,  Ptalycrinui,  RhcdMrinus,  EHlrofk<tfrinus  (XI,  3), 
Onyehotrinui,  ^itxriHus,  and  Eupaftiytrinus  {XII,  t). 

The  EfJiinoidi,  or  .sea-urchins,  are  .still  far  les.\  abundant  (ban 
lie  Crinoids,  but  ihcy  arc  much  more  numerous  and  varkd.  and 
of  larger  size  than  they  had  been  before;  some,  indnid,  are  aft 
large  as  any  sea-urchins  that  are  kno^vn  from  nny  period.  The 
Carixmiferous  sea-urchins  are,  like  those  of  iltc  preceding  periods 
members  of  the  anc'cnt  and  now  extinct  subclass,  Paiee«hinoidea, 
and  the  commonest  genera  are  MeiotiUes  (XI,  6),  Oligoporus,  and 
Archtrocidiirii.  In  addiiinn  to  lhc-<e  >biiuld  be  noted  the  |ines- 
enc«  of  the  modem  subclass,  Eurthinoulta,  as  the  ancestor  of 
tbr  still  exLstiRg  genus  ddaris  h  reported  from  the  Carboniferous. 
The  first  known  Uololhuroidea,  or  sea -cucumbers,  date  from 
ibis  period. 

Arthrapodn.  — The  Trilobilcs  hav-e  become  rare  and  arc  soon 
to  die  out  altogether:  most  of  \\k  species  Iiclong  to  the  peculiarly 
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CwbonifcTDUs  genera  PhUtipsia  (XII,  ti)  and  Origiihida,  but  ihe 
I>e%'onian  Ptetttu  Ktilt  penJsU.  The  Eurypterids  continue,  tvta 
into  tbc coal  measures,  wbcT«  ihcy  lived  in  ihc  frcsh-waler  swam|i*, 
bul  Ibeycuinot  compare  in  .lixe  or  numWrs  niih  ihr  great  D<^vo- 
niaii  fgrms.  The  horsc-shoc  crabs  arc  reprcscnled  by  Presfwidiu. 
Ph^opods  and  Oitnuods  arc  abundaiil,  and  in  tlie  coal  measuns 
arc  found  crustaceans  formerly  incorrectly  referred  to  the  Decapods, 
which  they  resemble;  of  thesc.4H^Nfo^/<r>H4m  bthe  best-known 
genus. 

Centipedes  and  Seorphns  are  much  commoocr  than  in  the 
Devonian,  and  the  firA  of  the  true  Spiden  are  found  here.  Insectt 
likewise  show  a  great  incn^asc  in  num>«^^$,  though  the  Orlhoplen 
and  Ncuroplers  are  still  the  principal  orders  represenied.  Many 
of  the  CarlfonifcTtKis  insects  arc  remarkable  (or  their  great  silt, 
some  of  ihem  mcaauring  30  inches  across  the  extended  wingi, 
and  more  remarkable  is  the  fact  that  several  iti:sects  of  this  period 
had  Ihrcc  |>3iFs  of  win^.  corresponding  to  the  number  of  legs. 
The  chara<  ler  of  the  vegetation  has  a  very  direct  influence  upoq 
insect  life  and  the  monotonous,  fiowerless  Carboniferous  forests 
could  not  have  supported  bulierflies,  t>ees,  waspa,  aiitK,  or  files. 
No  insects  of  these  groups  have  Ix-en  found  in  the  rocks  of  that 
system,  and  it  is  not  ycl  certain  whether  even  beetles  were  then 
in  existence . 

The  land  life  of  the  Carboniferous  seems  to  be  very  much  more 
varied  and  luxuriant  than  that  of  the  Devonian,  and  it  probably 
was  so  in  reality.  It  must  tx-  remembered,  however,  ihat  the  Ira- 
mcnw  de^xlopnient  of  fresh-water  an<l  marshy  deposits  in  the 
Carboniferous  was  much  more  favourable  to  the  preservation  of 
such  fuioilK  than  any  conditions  that  the  Devonian  had  to  offer. 
Part,  at  least,  of  the  striking  ilitTcrente  in  the  lerrotrial  foGsils  of 
the  two  periods  Ls  to  be  accounted  for  in  this  wajr. 
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Thv  Biyoioa  tieiomc  much  more  jmport^tnl  than  they  bad 
been  before,  and  contribute  materially  lo  ibc  formation  of  (be 
limeitlonen.  A  {'haracienViic  Carboniferous  genus  is  ih«  screw- 
shaped  ArrAimedfs  (XI,  7),  while  Feneitdla  continues  to  be  ve^ 
abund;ini. 

Tlic  Bnchiopoda  have  undergone  a  marked  diminution,  as 
ciimpartd  wilh  lho>e  •>(  the  Di-vimtan,  though  tliey  are  still  very 
common,  (.icncra  of  long  standing,  like  Atrypa  and  FetUamens, 
have  died  out,  but  oilier^,  like  Chonetrx  (XII,  5),  Sfiirifer  (\l,  8: 
Xll,  7),  and  KkynfhoHtita,  arc  slill  represented,  but  roost  im- 
portant of  al!  the  CarlMnifcroUii  genera  is  Prediulus  (XI,  11; 
XII,  6),  which  lias  a  very  large  numljcr  of  species,  among  theoi 
P.  gigantfus,  ihc  largest  known  brachiopod.  SyriMnathyris  (XI, 
10)  and  Rrlkuiaria  (XI,  9)  are  allies  of  Spirifcr;  while  MretdU 
(Xll.  4)  and  Dcrhya  (Xll,  3)  arc  cslrcme  developments  of  the 
Stropln)menoid  stock,  of  Ordovieian  origin.  The  genus  Ttti- 
hnhda,  which  became  exceedingly  abundant  in  the  Mcwznic 
periods,  has  its  beginning  in  the  Carboniferous  genus  DUlatma 
(XII,  9),  though  we  have  already  found  the  family  represented 
in  the  Devonian  and  Silurian. 

HoUusca.  ^Tlie  Bivalves  are  sciniewhal  more  abundant  thaa 
in  the  earlier  periods.  Examples  of  these  an;  Aviftilopeeten 
(XII,  i^),MoKopirria  (XII,  11),  and  Myalina  (XII,  11). .  Of  Gas- 
tropods, the  same  genera  ihai  occur  in  the  Silurian  aitd  0cm- 
nian  are  continued  into  the  Carboniferous,  such  as  BdUnphan 
(XII,  17),  F.uomphislus,  Pleurotomiiriit  (Xll,  18),  tMcemema,  Pialy- 
ceras,  with  the  interesting  addition  of  the  most  ancient  land- 
shell.*  yet  discovered.  The  genus  Conuiaria,  referred  to  Ibc 
Pteropods,  b  common.  Among  Ihc  Xautiloid  Cephalopoda,  Orlka- 
ceraj  stD!  persists,  but  this  group  reaches  its  acme  in  the  number 
and  variety  of  the  coiled  shellt^,  many  of  which  rei»re«rnt  new 
genera,  such  as  Cycloceras.  Trigonoceras,  etc.  These  NautltokU 
ha^^e  s)ie)U  oniamented  with  pmminetil  ridges  or  tuljercles.  Tlic 
Ammonoids  continue  to  be  represented  by  Goniatites,  but  the 
CarlMniferous  lomwoi  iVAs  rc^^V*^^^^  ***  BttxwMtrat  (XI,  u) 
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and  ProdromiUs  (XI,  13),  display  an  advance  over  those  of  (he 
rX'vonum  in  the  greater  cfimplexily  <>(  ihdr  ^utum,  loukiiig 
fonraid  to  the  remarkable  condition  attained  in  Mesozoic 
Urnen. 

Vcnebnta.  —  It  i«  in  thi«  group  (hat  the  most  marked  advances 
of  Carbonittrous  Vdv  are  to  be  observed,  and  tin;  incipient  siajgiei 
of  Mcstiw>ic  dcvclo[)iiient  arc  clearly  shim-n.  The  cxiranrdinary 
and  hiiarre  Osiracodcrms  have  become  estinct,  though  the  Anhro- 
(tiran.s  rtmtinue  into  the  coal  measures. 

The  Sdadiians  arc  numerous  and  varied,  having  developed 
so  enormously  that  ther  i^ive  the  Cartwnifemus  tUli-fauna  a  very 
different  aspcci  from  that  of  the  Devonian.  .Uanlkodts  is  a  small 
»hark  cmcred  with  a  den^  armour  of  exceedingly  minute  iiquare 
scaler,  and  the  fins  are  supported  by  heavy  sptne»  along  thctr  an- 
Icrior  borders.  Another  remarkable  shark  is  PUuratanthm  (a 
Permian  species  is  shown  in  l-'ig.  379),  which  has  many  features 
in  common  with  the  Dipnoi,  such  as  the  shape  of  the  tail,  the 
charai-tcr  of  llw^  pwtoral  fins,  and  the  bone^^  which  form  the  roof 
of  the  skull,  while  the  skin  is  naked.  Isolated  fin-spines  and 
teeth  show  that  many  other  kinds  of  sharks  exi.'itcd  in  tlie  Car- 
boniferous, in  some  <>f  which  the  tcelh  were  converted  into  a 
crusJiing  pavement,  adapted  for  a  diet  of  .shell-fish.  (Sec  PI.  XI, 
Fig.  14,) 

The  Dipnoi  continue,  though  in  diminished  numbers,  and 
their  mo«l  prominent  rrj)r(;s<:ntait\'e  i-^  the  gt^nti^  CUnodus. 

The  CrcsMplfrygiaHS  arc  much  less  abundant  than  in  the  De- 
vonian; file  commonest  American  genus  is  Cttfafanlhus,  which, 
though  unmistakably  a  m(-ml>er  of  this  group,  has  assumed  the 
form  of  a  bony  fish,  and  looks  much  IJke  a  chub. 

The  Actinvfileri  arc  still  n;|irc»ciitcd  only  by  the  Ganoid  cohort; 
theM  hold  their  own  and  even  increase  their  numbers,  many 
new  genera  replacing  thow  of  Devonian  times.  F.urylepis,  Ptilao- 
ni$tus,  EurpuHus,  and  Cheirodwt  arc  the  bcsl-known  genera;  they 
an:  all  of  moderate  siw  and  in  appearance  arc  n<A  a\r^««{J,'5  «&.- 
fejent  fnMi  modem  6sbcs. 
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The  Amphihiaiti,  n-hirh  nv  hait  seen  some  reason  to  belieit 
existed  in  ihc  Devonian,  are  of  greatly  intreawd  importaoce 
in  ihe  Carlioniferoii*.  At  ihc  [tfvsenl  time  il»e  Amphibia  an 
represented  by  the  dwarfed  and  specialized  Iro^  and  toad^, 
newt>  and  salamanders  wtiicli  give  liul  an  im)icrfc<  t  niition  ol 
the  Elructure  of  the  extinct  members  of  the  class.  1'hc  Carlm- 
niferous  Amphibia  all  lielong  ici  Ihe  extinct  order  Stcgwephali'i, 
in  whirh  Ihc  skull  h  vrell  covered  n-iih  n  roof  of  §cul[>iiirv<)  bone^ 
and  wliich  are  of  moderate  or  small  m'w,  nol  exceeding  seven  or 
eight  feet  in  length  and  mostly  much  smaller.  Tl»e  backbone 
is  not  osyfied,  the  liralw  arc  weak,  the  tail  short  and  broad,  and 
in  many  forms  the  Ijelty  is  protected  by  an  armour  of  bony 
Kcutes.  An  extraordinary  number  of  ^nera  of  Carboniferous 
SUKOftphalia  are  known,  mu»l  of  lliem  like  itie  Salamanden 
in  shape,  but  some  arc  elongate,  slender,  and  of  snake-like  (orm. 
Exam ple.t  are  ArtJuKOsaurui,Bratuhuiaurus,Dendrtrptt«n,  Plj^ 
mtts,  an<l  many  others. 
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CHAPTER   XXXI 

THE  PERMIAN  PERIOD 

The  name  Pennian  was  giwn  by  Sir  Roderick  MurcliUon  in 
1841  lu  a  scries  of  rocks  which  is  very  emensively  developed  in 
the  pronncc  of  Perm  in  Ku$sta.  In  North  America  the  Permian 
followed  u)Km  Uie  Carbonifemus  wiih  hardly  a  break,  «>  thai  the 
distinction  between  the  two  systems  must  be  m.ade  entirely  upon 
the  fossils  which  change  very  gritdually,  liy  drawing  a  somewhat 
arbitrary  line  of  demarcation.  In  various  countries  there  is  no 
genera]  agreement  regarding  the  ii|i[>«t  Ixiundiuy  of  the  Car- 
boniferous, and  ihcrc  arc  very  great  differences  of  opinion  as  to 
the  cuTTclation  uf  the  rocks  of  different  continents,  due  chietly 
to  the  wan)  of  an  unbroken  succession  of  fossils  in  any  single 
area.  The  regions  where  the  Permian  beds  are  best  known, 
Gcnnany,  England,  and  Russia,  are  not  those  which  yield  the 
normal  facies  of  marine  life,  and  hence  any  correlation  with  the 
lallcT  is  full  of  difficulties,  and  in  the  following  table  of  the  American 
Permian,  no  comparison  is  attempted  with  that  of  other  countries. 
In  consequence  of  these  unccilatntics,  many  geologists,  especially 
in  this  couDtiy  and  in  France,  regard  the  Permian  as  a  mere 
s^ubdii-ision  of  the  Carboniferous.  Its  relations  with  the  overiying 
Triassk  sj-stem  are,  howe«r,  nearly  as  close,  and  by  some  au- 
thorittes  it  has  been  referred  to  the  latter.  The  Permian  is,  on 
ihe  whole,  distinctively  Paleozoic,  but  it  has  several  features 
which  mark  it  out  as  transitional  to  the  Me^Lozoic. 
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DlSTKUIVIlON   OF  PerhUN   RoCKS 

Americim.  —  Orogcnic  mot'cmrntf^  in  the  Appalachians  had 
[inibublv  )>egun  in  the  middle  ('artfuiiiferou^  as  was.  Mwn  in  ibe 
folding  which  inaugurated  the  PotUville  trough,  and  toA'anl 
the  end  of  the  Caritoniferoua  ibere  va&  in  the  low-lying  A|>|ala- 
cliian  couIYield  a  slowly  [>^og^(;^^!vc  movement  of  ckvatioDi  re- 
sulting in  the  draining  and  cU^ing  up  of  most  of  the  region  aver 
which  the  |ieai-bog»  hud  l)een  (extended.  The  moi'^emenl  spread 
east,  north,  and  M)Utb.  leaving  in  the  middle  of  the  region  a  Mnallcr 
area  in  which  the  eundiiion^i)/  the  coal  mea.sun.-«  cooiinued  very 
much  as  before.  In  the  northern  pun  of  the  Acadian  province 
Permian  bed%  overlie  the  loal  mea^ure^  in  Prince  Edward  Inland, 
Nova  Scotia,  and  New  Brunswick.  These  bed!<  are  »>ft  red  shaks 
and  sand.itone:^,  which  were  laid  down  in  clo^d  baMns,  not  in 
the  sea.  In  Pennsylvania,  Ohio,  West  Virginia,  and  MarytaDd, 
the  Permian  beds  follow  directly  and  without  any  break  ujwb 
the  Moiiongaliela  stage  uf  the  coal  meaAures:  they  wen  for- 
merly called  the  Upper  Barren  Measures,  and  consist  of  1000 
feel  uf  .i^ndsloiies  and  shales  with  ^me  Ifmestune  and  a  fev,' 
seams  of  coal.  The  character  of  lhe«e  beds  is  entirely  like  that 
of  the  n>al  meaNure.'t,  to  which  they  were  once  referred,  and  their 
reference  to  the  Permian  h  due  to  the  marke<t  change  which  had 
come  over  the  vegetation.  South  of  West  X'irgiota  no  Pcnnian 
beds  bAvc  been  found  in  the  Apjiubchtan  iirea,  owing  to  the  de* 
(ration  of  (his  part  of  the  region  at  the  close  of  Ibe  CaTl>oniferou», 
but  the  Permian  occurs  in  Illinois,  lit  what  appear*  to  be  a  strtam- 
channe!  cut  in  the  coal  measures. 

As  we  [>T<Heeil  westward  and  wmlhward  through  Miswuri 
into  Xcbraika,  Kansas,  and  Texas,  wc  find  the  Permian  atauminj 
much  greater  importiriice.  and  becoming  more  and  more  proari* 
nently  developed  in  cvlenl  and  thickness.  A  study  of  ihU  region 
reveal'  the  fact  that  only  a  (lart  —  the  lower  —  of  the  Pcrmuin 
is  dcvelo|Kd  in  Ihc  .Acadian  and  Af^ochian  areas.  At  the  end 
^"t  the  Lower  Permian  itw  en\iwi«Tw».'>V*«  t«k\«i*a3ure»  w»t 
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of  the  Mustesip|)i  Rivirr  was  elevated  and  (he  <Je])o&ition  of  stiata 
apparenily  ended,  thou^  there  is  no  way  o£  dctennining  exactly 
when  iht'  olevatt'iii  umk  placi-.  ni>r  how  grcal  a  thickness  of  beds 
has  been  rcmored  by  dcnudalion  since  the  upheaval.  In  the 
region  beyond  the  MisaisiJppi  the  Permian  lied.s  thukvn  south- 
ward, nllaining  in  southern  Kansas  a  thiikiicss  of  jooo  feet,  and 
ill  Tcxa.%  oi  more  than  s<'oo  f*'^''  The  mtmnlains  o(  Oklahoma, 
which  may  have  been  raided  laic  in  tlie  Carbtmifcrous  or  early 
in  tlw  Permian,  separate  (he  Texas  and  Kansa-i  areas. 

Durinj;  the  greater  part  «( ihe  Permian  (wricid  ihe  f^^graphical 
state  of  North  America  was  somewhat  as  follows.  Except  for 
lh(^  coatsial  plain  on  the  Atlantic  and  Culf  of  Mexico,  the  eaxtcm 
portion  of  ihc  ctMitinent  had  very  much  its  pn-sent  limits,  though 
Ihe  posilion  of  tlie  eastern  and  southern  coasts  cannot  be  deter- 
mined. The  coastal  i)lii.in  U  <iceply  buried  under  deposits  which 
are  much  younger  than  the  Permian,  and  the  tontinent  may  ha« 
cxtcn<)c<l  farther  into  the-  Atlantic  than  at  present,  or  the  ocean 
may  have  extended  more  over  the  land.  The  Interior  Sea  was 
grcaily  changed  Iwlh  in  extent  and  character  from  what  it  had 
been  in  the  Upper  Carlwnifcrous,  iis  is  &huwn  by  the  nature  and 
dbUilMitioi)  of  it^  sediments.  From  most  of  the  Mrs-ii»$!ppi 
valley  the  sea  had  withdrawn  entirely,  but  still  extended,  as  shal- 
low and  shifting  waters,  into  southeastern  Nebraska  and  Kansas, 
possibly  into  Iowa,  and  from  ea^te^n  Kansaf^  the  line  ran  west- 
ward and  southweslward  across  Oklahoma  far  into  Texas.  In 
the  latter  pail  of  the  [x-ridd,  lagi»on.s  were  cut  off  from  the  sea  and 
con%-crted  into  salt  and  bitter  lakes  in  which  the  salt  and  gypsum 
of  Kansas  and  ihc  gypnum  of  Oklahoma  and  Texas  were  pre- 
cipitated. Occasionally  the  sea  broke  into  the^e  lakes,  bringing 
a  marine  fauna  with  it  for  a  short  time. 

The  tt'ifhila  beds  of  Texas  hura  two  very  distinct  facies;  id 
the  nonli  tliey  are  made  up  chielly  of  fine  red  claj'S,  with  some 
beds  of  sandstone,  conglomerate  and  impure  limestone.  1'he 
clap  arc  principally  river  dejmsiis  made  in  a  delta,  «ii  %\««\f,  a. 
very  flat  coast,  but  ht(A  marine  conditions  at  Viiteiva\%.    Vassit'o^ 
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Muthward,  these  bods  gradually  merge  into  marine  UmestoDCS 
whkh  were  {irif^'nally  named  the  Albany  Htagc  and  jilaccd  at  tbe 
top  of  the  Coal  Measures,  The  succeeding  Clear  Fork  beds, 
which  arc  chiefly  clays  like  those  of  the  Wichita,  bul  cut  by  many 
channels  lilU-d  with  cniKs-ltvcldeil  saiidt^loncs,  citcnd  southward 
over  the  marine  limestones  of  ihc  Albany  facie.'.,  but  evtn  in  ibt 
north  thin  tayer>  nf  limestone  <-oi]taii)inj;  marine  ((jissils  arc  indica- 
tive of  transgressions  of  the  southern  sea.  The  DouHe  Motm- 
lain  beds  are  lar^ly  the  dei>o»'i!>  of  a  .salt  lake  and  <'ontain  mudi 
g>>psum.  without  niiy  murine  fossils,  though  in  Oklahoma  beds  uf 
a  corrc^pondin;!  horizon  have  a  scanty  fauna  between  and  aboK 
Ihc  g>"psiim  layers. 

Westward  from  Tesas,  the  inland  Permian  sea  enendcci  oner 
nerthern  Ari;:ona  into  southern  Utah,  where  the  beds  arc  sandy 
shales,  with  much  gypsum.  The  sea  continued  northward  thrtiu^h 
eastern  Utah,  western  ('olorado,  and  prtibably  ciLii  of  the  Rocky 
Mountains  also,  to  the  Black  Hills  and  central  Wyoming,  fortning 
an  island  in  central  Colorado.  This  immense  body  of  water, 
or  pcrhnjis  series  of  smiilli-r  bodies,  was  land-locked  and  salt, 
and  in  it  were  formed  the  characteristic  "  Red  Beds  "  «>  widely 
djstril)Utr<)  over  the  region  mentioned,  ifoititing  la  an  arid  climate. 
The  Ked  Beds  arc  nut  all  Permian,  however,  and  tlie  rarity  of 
fossils,  in  ihem  makes  it  often  im|M)voble  to  decide  whether  i 
pven  area  of  these  U-ds  should  be  referred  to  the  Permiaii. 
to  the  subsequent  Triassjc,  or  to  both.  In  southern  Wyomini; 
thin  bands  of  sandstone  and  limestone  in  the  Red  Beds  tairy 
fos^is  very  like  those  of  the  Kansas  and  Nebraska  Permian, 
but  the  course  of  this  marine  Envajuon  cannot  yet  be  made  out 
Whether  the  Permian  has  been  removed  from  the  flreai  Ruin 
by  denudation,  or  never  deposited  over  the  greater  pan  of  it, 
is  uncertain:  but  when  this  is  determined,  it  will  gi\-e  the  da« 
of  the  upheaval  of  a  land  much  of  which  had  Iwcn  submer^ 
throughout  the  Pala-oniic  era. 

Another  and  altogether  different  facies  of  the  North  Anocncan 
iVrmiati  is  the  purcVy  mixAtw  dtKi^uv^mnX  C>»xnd  in  the  noun- 


if  western  Texas  and  on  the  Pacific  coa&t,  especially  in 
L  where  more  than  6000  feci  of  marine  Permian  have  1>evn 
In  tbe  Kf^on  of  the  Copper  Riccr.  The  Pacific  coast  fossils 
Strongly  fnMn  tbote  of  Ihe  more  ca-i-iern  re^onx,  and  the 
[of  irestcm  Texas  shows  affinity  with  the  Mediterranean 
tdiun. 

^igD.  —  In  Europe,  as  in  Nonh  America,  the  Permian  k 
Bed  in  two  very  distinct  (atie*.  Southern  Europe,  Skily, 
■  Alps  haw  almost  purely  marine  rocks  and  faunas,  which 
Be  Ihooe  of  ilte  TexaN  Guadalupian  ncries.  In  central  and 
b  Euro]>c  Ihc  disturbances  which,  in  many  places,  occurred 
^nd  of  the  Carboniferous  and,  in  those  areas,  produced  a 
I  unconformity  Ijctwcen  ihc  Carl>nnifcrou«  and  Permian, 
H  in  tbe  formation  of  a  great  inland  sea,  extending  from 
I  to  centra]  Germany.  In  this  ga-at  salt  lake  n-ere  de|KK>ited 
[  of  red  sandstones,  shales,  and  marls,  3  predominant  colour 
Iftroiigly  suggests  desert  condilioTi.t,  though  the  coal-beds 
knee  and  Bohemia  and  central  Germany  might  seem  to 
^cl  this.  Occasionally  the  ocean  broke  into  this  clodcd 
lliut  the  invading  marine  faunas  soon  ]>eri»hcd.  In  Ger- 
Uie  Permian  is  in  two  v-ery  strongly  marked  divisions,  the 
fgefidn,  or  Lower  Permian,  and  the  Zixhtlein,  or  Upper 
In,  whence  the  period  is,  in  that  country,  frequently  called 
Ifas.  The  vi-ry  interftiting  disciwery  hiLs  mittc  lately  been 
In  the  lower  Kothliegendes  of  Wcs([>halia  in  Germany  of 
bled  and  cliaracterL-ktic  glacial  moraines,  resting  upon  a 
^  and  striated  |>avcment  of  Upper  Carboniferous  rocks, 
taller,  1901.)  These  moraines  are  not  thick,  alwul  four 
pd  suggest  local  rather  than  ^neral  glaciation,  but  in  (be 
pda  of  England  are  boulder  beds  which  apparently  show 
Ion,  though  here  the  evidence  is  less  conclusive,  for  no 
p  glacial  pavements  ha^-e  been  found,  and  the  glacial 
^-(is  is  not  accepted  by  most  geologists. 
.Lower  Permian  of  Europe  is  remarksitAe  lot  \W  fftnN. 
of  vticank-  nxks.  lava  flows  and  luQft,  v;\\vt\»  \\  totiVtof 
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and  which  occur  in  Great  Bridun,  France,  Gennsny,  and  the 
Alps.  This  'a  in  strong  conlrant  to  the  can«»pon(ling  American 
scrU's,  which  gi%'«  no  evi<kncc  of  iiilcanistn. 

Rcocwc^  disturbances  at  lite  end  of  the  Lower  Permian  shifted 
the  boundaries  of  the  inland  sea  and  changed  its  poeitioa,  so  thai 
the  ZechiXeiu  extendi  beyond  tlte  Rotlilie^ndn  and  overl8|M 
upon  older  rocks,  and  at  the  sanve  time  brought  it  into  comRiuni- 
cation  with  the  ocean,  permitting  tlie  ingrewof  marine  animals, 
but  the  conditions  of  Ufe  vrere  evidently  unfavourable,  for  the 
fauna  is  a  curiouiJy  limited  one,  tliou^b  a  feu-  »ii>ccic9  arc  indirid- 
ualiy  abundant,  and  in  striking  contrast  to  the  varied  faunas  of 
tbe  truly  marine  fades.  Later,  the  sea  withdrew,  leaving  tall 
lakc«,  in  which  enormous  l>i>dics  of  nxk-salt  were  formed  in  north 
Germany,  including  layers  of  the  salts  of  pocassium  an<l  ma^- 
ne»ium,  already  referred  to  in  a  |>rcvio«s  shajdcr.  (Sec  p.  ajj.) 
Smaller  dqmsils  of  salt  extend  over  central  Germany  to  Ru»ia. 
Upper  Permian  beds  with  g^'fi^um  occur  in  En^and,  but  not  in 
France,  which  has  only  the  Lower. 

The  Permian  of  Ru^a  covers  a  very  large  area,  but  aside  from 
typical  Zcchslcin  limestones  on  the  Baltic  coast,  is  quite  diSereni 
from  that  of  western  Europe;  the  principal  area  extends  alonf; 
the  west  side  of  the  Ural  Mountains  to  the  Arctic  Sea,  and  into 
Nova  Zembia  and  Spiuherxen.  The  tran-4tion  from  the  under- 
lying Carl>onifcriius  Ls  gr.idual,  and  the  lower  stage,  the  Artimi, 
corresponds  to  the  Wchila  of  Texas.  Xon-marine  beds  follow, 
which  iue  ;igain  succeeded  by  a  limestone  with  fossils  like  thcw 
of  the  German  Zcchslein,  registering  another  invasion  of  the  sea- 
The  «eric»  ends  witli  the  Taiark  stage,  which  is  a  sequence  ef 
red  marls,  pas^ng  upward  without  any  apparent  break  into  the 
overlying  Triage.  The  fonniUof  iheTataric,<t3ge  are  of  peculiar 
inierest  and  will  be  referred  to  again.  Gypsum  and  salt  in  the 
non-marine  liedi  testify  to  the  aridity  of  the  climate. 

In  /IjM  the  twofaciesof  ihc  Permian  iire  again  met  with.  Tbe 
marine  facies  occurs  along  a  Sine  which  extends  the  course  oJ  the 
Mediterranean  eastward,  in   Annenia,   Persia,   nortbcm  India, 
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Tibet,  Cbioa,  and  the  island  of  Timor.  In  tbe  central  Himalaya^^ 
Upper  Permian  rests  ujnin  Ihi-  uiJlurncti  and  eroded  Lower 
CarixHiiferous,  and  is  conformably  overlaid  by  Trias&ic  beds.  The 
Sail  Range  of  noriliwesiem  India  bas  a  verj-  full  »uci.xs.^on  of 
tbe  Middle  and  Upper  Permian,  the  Productus  UmcMone,  resting 
upcHi  continental  formaiian.t  of  the  Lower  Permian.  .  At  the 
bafc  of  the  latter  b  a  boulder  day  of  glacial  or  iceberg  origin, 
which  U  an  oullier  of  a  great  ground  moraine  that  covers  large 
areas  in  centra!  India,  and  in  places  roaches  a  thickness  of  aooo 
feet.  The  smoothed,  striated  and  characieristically  glacial  pave 
mcni  U]x)n  which  the  boulder  clay  rests,  ha»  also  liecn  ubsen'ed. 
It  is  certainly  very  remarkable  to  find  glacial  deposits  formed 
on  such  a  scale  within  the  tropics  and  evidently  at  no  great  height 
above  the  Ma-lcvd.  The  boulder-clay  {Taithir)  forms  the  base 
of  the  GtmJwdna  s)'Stcm,  a  succession  of  coutincnlal  deposits,, 
with  much  coal,  laid  down  by  apiurently  unbmkcn  sedimenta- 
tion, and  including  the  Permian,  Triafsic,  and  Jurassic  systems. 
Noftbem  Asia  ha.*  a  widespiead  area  of  cuntinvntal  deposits, 
which  are  presumably  Permian,  and  the  Artinsk  of  Russia  re- 
appears in  central  A.iia,  but  the  continent  wa.s  mostly  aUn-e  sea- 
level  and  the  great  seas  of  the  Carboniferous  had  withdrawn. 

South  Afrita  has  a  Permian  <ievelopmcnt  .-.o  closely  jiarallel 
to  that  of  India,  that  a  direct  land  conncclion  between  the  two 
rcgiiin.i  may  he  confidently  inferred.  Extending  aJma'^l  across 
the  continent  from  cast  to  west  in  Ca))c  Colony  and  Natal  Is  the 
thick  (1000  feet)  glacial  boulder  day  of  the  Oivyka,  or  Ixivrer 
Permian.  Part  of  the  D»-yka  is  shale  of  sulmqueous  origin. 
but  most  of  it  is  a  ma.>vs  of  boulders,  striated  and  faceted,  em- 
bedded in  a  line  unstratihed  matrix.  (See  Figs,  iii,  p.  23I1  ii5t 
p.  3^.)  The  formation  extends  norlhnard,  growing  thinner  on 
the  way,  into  the  Transvaal  am)  j)erhaps  into  Rhodesia,  and  in  the 
more  northerly  areas  the  underlying  ice-worn  pavement  ol  older 
rocks  h-  exposed  in  a  state  of  wonderful  freshness  (we  Figs.  70  and 
375)  entirely  comparable  to  the  recently  abandoned  beds  of  the 
shrinking  gliders  of  tbe  Alps.     In  South  Afrka,  therefore,  the 
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Th*  pnatrni  ]Kirtion  of  Auslralia  and  Tn^manix,  which  had 
Iwtn  Innil  iliirinit  thr  I'ppcr  Carboniferous,  was  lar:gcly  xub- 
tnrTWF^I  tlurinn  the  IVrmian,  but  Vkloria  on  ihe  south  roul 
M.  '    ,l»nf  <«a-lrvpt  and  was  {ilaciatcd,  wHh  the  furmation 

i>l  <  I  i.ir  kv  jwvrnKntK  antl  ihitk  l>ouMn  dajs.  intcr^tnit- 

Rwl  wtih  unditonc4  and  shales.    The  Upper  PomiaD  b  cwJ- 
bMrtnf.  M 11  la  ilw  ia  >ww  South  Wales,  when  the  |bda]  serin 
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is  divided  into  two  distinct  parts  by  coal  measures.  The  glacial 
l)ed^  occur  intvrdruiilicd  with  marine  strata  und  some  of  the  icc- 
nudc  UtycTs  themselves  contain  marine  fossils,  which  leads  to  the 
Inference  thai  the  great  blocks  wrrr  <lep»«ticd  by  icelicrgs  rather 
than  directly  by  glaciers.  In  Queensland  and  in  nonhwcstem 
Australia  only  the  up|>er  boulder  Aui:ce:^on  L-<  found,  and  the 
overlying  coal  measures  arc  there  also.  'I'hc  Australian  ice  move- 
ment was  from  south  to  north,  ha  would  naturally  be  expected 
in  the  southern  hemisphcrt,  but  this  makes  the  direction  of  move- 
ment in  South  Africa  only  the  more  inexplicable.  In  New  Zea- 
land the  Permian,  which  is  r<-|i(irted  to  be  7-10,000  feet  thick, 
contains  neither  coal  nor  evidence  of  ice-action,  but  includes 
lava- flows. 

In  South  America  Permian  l>e<Js  of  continental  origin  are  found 
in  ArfieDtina  and  southern  Brazil.  In  ihc  latter  is  a  glacial  boulder 
day,  followed  by  a  great  *cries  <>I  strata  which  resemble  those 
of  the  South  African  Karroo  system. 

The  db>.iri)>uiion  of  the  Permian  rocks  and  f(is.*.ils  lead.*  to  the 
infereiKe  that  at  that  jjeriod  the  continents  were  so  grouped  as  to 
form  two  great  land  masses,  a  northern  including  North  America, 
most  of  Asia,  and  Kuroixr,  and  a  southern  compri'^ing  India, 
ecjualurial  and  southern  Africa,  Australia,  and  South  America. 
The  existing  southern  continents  were  probably  then  connected 
by  comparatively  narrow  land  bridges  across  the  site  of  the  present 
Atlantic  and  Indian  oceans.  Between  the  northern  and  southern 
land-masses  was  the  great  continuous  mediterranean,  a  sea  which 
has  t>een  namrd  "Thctys  "  (Suess)  and  of  which  we  have  found 
indications  in  Texas.  Sicily,  the  eastern  Alps,  Asia  Minor,  northern 
India  and  j.imlhcra  China  to  the  Pacific.  That  land  communica- 
tion was  occasionally,  at  least,  established  between  the  noriliem 
und  southern  knds  is  evident  from  the  distribution  of  the  land 
animals  and  ])bnts  of  both  regions. 

Clbnata.  —  The  plain  and  obvious  inferences  from  Ihc  character 
of  the  Permian  r(Hk«  are  su  remarkable  and  inexplicable  that 
they  were  long  received  with  incredulity  and  they  ofler  a  series 
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of  fajflnatint;  problems  for  which  no  solution  can  j^ct  be  found. 
The  earliest  Permian  in  the  »uutbeni  hcmj.^pben:  was  a  time  aS 
van  gtaciation  and  of  rigorous  climate,  as  b  cocvincin)|^y  fthovn 
by  the  boultler  clay*  and  ire  [lavement*  of  Australia,  South  Africa, 
and  South  America.  In  the  nanhcm  hemisphere  the  glaclaiian 
was  cxtenNive  in  |>enin<iular  India,  apparcRily  total  in  Gcfmanj 
and  perhaps  in  England.  In  ^-vcral  regions,  as  in  West  Mrginit, 
Prance,  Oermany,  and  Bohemia,  there  are  urirrkahte  coal  nieasum 
in  the  Loner  Permian,  but  arid  conditions  established  thcmseb'es 
uv«r  all  parti  of  the  northern  hemU.phere  where  Upper  and 
Middle  Permian  rocks  are  (uund,  western  North  America,  Texas* 
Kansas,  England,  ticrmany,  and  Russia.  The  extrenie  condiliofti 
of  (le*erl  climate  are  rvgistcre*!  in  the  great  bodies  of  gypsum  ^od 
rock-salt  which  characterixc  so  much  of  the  PcmiiaD  areas. 

Uliat  can  ha^-c  <:au.sed  t)ieNe  climatic  viotN^iiwles  aitd  especially 
(he  development  of  continental  ice-sheets  so  near  the  Bqualot 
and  M  little  above  wa-level,  h  a  problem  for  which  many  solu- 
tions have  lif-cn  pr'ipimnrlcd,  but  none  of  them  is  convincing. 

Close  of  the  PemUaa.  —  'I'lie  late  Pala:o2o«c  witncH.sed  mnuni^un- 
making  disturbances  on  an  almost  world-wide  scale,  extcivding 
from  the  middle  Carboniferous  to  the  middle  of  the  Lo»y;r  Permian. 
In  central  F^urope  and  Spain  vigorous  folding  look  place  at  the 
end  of  the  Lower  Carboniferous,  but  the  most  important  and 
widespread  dinlurbances  occurred  in  the  Permian.  In  North 
America  low  folds  were  fomcd  in  the  Appalachian  trough  from 
lime  to  time  all  through  the  Palxoizoic,  the  evidence  of  which  is 
the  upheaval  of  the  barriers  described  in  the  preceding  chapters, 
which  wparaied  the  Interior  Sea  fn>m  the  <*h;inging  bodies  of 
water,  such  as  the  Cumberland  Ba^n,  on  the  east,  A  Bwre 
energetic  di-%lurbance,  with  some  mountain  building.  Inaugurated 
the  Potlsville  age  of  the  fpper  Carboniferous,  and  this  dliluib- 
ancc  culminated  at  the  end  of  Ihe  Permian  in  one  of  the  greatest 
geognphical  revolutions  which  the  hbtoty  of  Nonh  An>cric«  has 
recorded.  With  lt\c  exception  of  the  mountain  making  at  the 
of  th«  OrdovVdan,  vVw  Va.Vi:<iwi\c  i«*.Vci'&w*i  hsnfrica.  had 
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been  »  time  of  slow,  ewn  development,  with  many  o^rlllations  of 
lo"cI,  but  with  (cw  violent  disturbances,  and  with  singularly  few 
nianifeslation&  of  volcanic  activity.  A  Uitle  more  land  was  udded 
lo  the  nurtbcrn  area  during  each  period,  but,  so  far  as  wc  can  trace 
it,  the  geography  of  the  Ordovician  does  not  seem  lu  have  luren  . 
very  dilTerent  from  that  of  the  Carboniferous,  1'hroughoul  this 
long  era  the  Appalachian  geosyncline  had  been  tiinkinj;,  though 
Viilh  many  shifts  and  oirillalions,  under  an  ever-incn-.ising  load 
of  sediment,  until  the  great  trough  contained  a  thickoesH  of  15,000 
feet  ur  more  of  strata.  Eventually  the  trough  Iwgan  to  yield  lo 
lateral  compression,  and  its  contained  strata  v-vK  thrown  into 
foldit.  Of  fractured  by  ^eat  overihrusU.  Thus,  [n  [Jaic  of 
a  sinking  sea-bottom  along  ihc  shore  of  the  great  Interior  Sea, 
nisc  the  Appalachian  Mouniain»,  which  in  their  youth  may  have 
been  a  very  lofty  range,  rivalling  the  Alps  in  hetghi.  This  range 
extendi  from  the  Hudson  River  to  Alabama;  another  range  from 
Newftnindland  to  Rhoiic  Island,  an<l  a  thinl,  ihc  Ouachita  Moun> 
tains  of  Arkansas,  arc  attributed  to  the  same  set  of  dbturbanoes, 
which  thu.t  made  theraticlves  frit  for  a  diMance  of  1000  miles. 

Though  Ihc  entire  continent  fell  the  effects  of  this  revolution, 
thty  are  lew  obvious  in  the  West.  On  the  western  side  of  the 
Rocky  Mountains  a  great  unronformily  is  found  between  Ihc 
Permian  and  Triawic  members  of  the  Red  Beds,  "  There  are 
reasons  l»  !»ij>posc  th.it  this  hitherto  unrecognized  break  is  wide- 
spread, and  explains  many  di.scordani  features  of  various  Red- 
bed  sections,  not  only  in  Colorado,  but  in  the  adjacvnt  Plateau 
province."  (Cross.)  The  Great  Basin  region,  which  had  been 
submerged  through  nearly  the  whole  T'ala-oxoic  era,  became  land, 
and  at  the  present  dme  the  surface  rocks  ovtr  most  of  this  rcf^on 
are CarlMtnifcrous.  Il  is,  huweier,  probable  that  the  Permian  ba.s 
been  stripped  away  by  denudation,  as  it  has  been  over  nearly  all 
of  the  northern  plateau  of  Arixona. 

Comparatively  soon  after  the  eastern  part  of  the  Great  Basin 
had  ihui  t)eeo  converted  into  land,  the  atlcicM  WvA  !wi;a.  ^  \\^ 
western  bankr  was  depressed  t>eneath  the  9ca.    \V  %  \re^iiW* 
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that  these  two  mmTnwnts  were  roonectnl,  ihon^  tbey  nuj 
have  been  separatGd  by  a  considerable  interra]  of  time.  In  Ne- 
va(U  west  u(  117^  30'  W.  k>ng.  no  Palse^noir  locks  have  been 
found,  aad  the  Trias  rrsu  direct])-  upon  tbe  AKbaean. 

Howc%'CT  tbejr  majr  be  explained,  tbe  gro^aphkal  revolution 
which  closed  the  Palicoiok  era  was  accompanied  by  tite  rksI 
prt>fiHJDd  and  far-reaching  chanf^  which  hai-e  ever  ocrurrcd  in 
the  recorded  historj-  of  life,  after  which  wc  find  ourseI(-es  in  a  new 
world.  It  b.  fMnbahle  titat  ilie  change  was  a  rclaijvi'Iy  ra^nd  ooc, 
but  there  arc  suf&:icnl  connecllons  bclwern  ibr  faunas  and  Bont 
of  ibe  Iwo  cra.t  to  show  (hat  the  later  were  derived  from  (be  earlier, 
•ltd  thai  the  gaps  ue  due  to  the  impcrfcctioDs  of  the  record. 
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We  have  to  note,  in  the  &rm  place,  that  (he  animals  and  plants 
of  the  Permian  are  Iran^itional  between  tbijete  of  (he  Palicosoic 
and  th<Me  of  <)ie  Mc:iou>ic  eras.  Here  we  find  the  last  of  many 
types  which  had  persisted  e^'cr  since  Cambrian  times,  associaied 
with  forms  which  rcpreseni  the  incipient  stages  of  characlcristic 
Meso«>ic  tyi)c<,  ingciher  with  others  [peculiar  10  the  Permian. 

Plants.  — The  flora  of  ibc  Lower  Permian  is  decidedly  Palvozoic 
in  chiiracter,  and  (hat  uf  the  Upjier  Permian  as  decidedly  Mesoioic, 
so  that  if  the  line  dividing  these  two  git-nt  erat  w-en;  drawn  in 
accordance  witli  tlte  vefieiaiion,  it  would  pass  through  tbe  Per- 
mian. Even  in  the  I^wrer  Permian,  however,  ihe  ehan^  from  the 
Cartwniferous  ilora  is  a  marked  one,  a  change  which  may  be 
laiigcly  explained  by  the  increasing  aridity  of  the  climate.  Tbe 
great  tree-like  Lycopods.  LepidodtHdron  and  SigiUarui,  which 
were  so  abundani  in  the  Carbunifemus  forests,  have  become 
very  rare;  none  of  the  former  genus  and  only  two  of  the  latter 
have  been  found  in  the  Upper  Barren  Measures  of  Pennsylvania 
and  West  \'irginia.  'I'hc  Cola>nita  continue  in  hardly  dimini.^bed 
numtieri  ari<l  im|>ortance.  The  Fam  arc  exceedingly  abundant 
varied,  and  tree-ferns  seem  to  lie  more  common   than  ibcy 
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FKJ.  tjt.  —  CalhpttrH  teaft'tA  Dmpi. 
(I'onialne  and  WhlK) 


had  been  before.    Especially  characleri»i!c  genera  of  (h»«  plants 

arc  I'etopuris,  Callipifris   (Fig.  376),  Cyncghssa,  Neurepttris, 

Sfihenoptrris  (Fig,  177),  etc.    The  Gymnosperuu  mark  a  noiahle 

sdvancci  in  addition  to  Ihc 

ancient  Cordaites,  are  true 

Cycads  and  Conifers;  of  Ihe 

latter   are   found   yew-like 

forms,   (Ttf/cAw,    Sapoftaa 

with    leaves    nearly     four 

inches  wide,  and  the  Ci»g- 

koofta  arc  probably  rcpre- 

rented  by  Batera. 

In   the  Upper  I'crmian, 

Lepidodendrcin,     Sigillarla, 

and  Calamites  are  quite  un- 
known, though  probably  a 

few  stragglers  still  cxLstcd, 

and  the  flora  is  made  up  of  Fems,  Cyead-t.  Gittgios,  and  Conifen, 

the  AngioKfierm^  still  licing  entirely  absent. 

The  IVrmian  flora  of  the  soulbern 
land  m^SA  differs  notably  from  that  of 
llie  northern  ix>nlineiils  and!  h  charac- 
lemcd  njwdally  by  the  broad-Ican-d 
ferns,  Ghs-sopierh  (Fig.  278)  and 
Ganganwpttris,  whence  this  h  often 
called  the  '"  Glossoptcris  Flora,"  to- 
gether with  the  cosmoiiolilan  CaOt- 
pierii,  the  Conifer  Voltiia  and  the 
Calamitc  Sfhisonrura.  In  South  Amer- 
ica and  South  Africa,  but  not  in  India 
or  Australia,  these  plants  arc  accom- 

Ftc-  ^Tj^s^ttftfUTU  imtiia  paiiicd  by   »ome    survivors  from  tlie 

r.  Md  W.    (Fonuinc  .nd  Carbon  if  emus,  such  as  LepidatUmdnii. 

'  In  the  latter  part  of  the  fVrmian,  or 

possibly  aol   till   (he  earliest  Triassic,   the  Glossopteris    Flora 
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invade]  ibe  nonbero  coniioents  and  extended  its  range  to 
nunhern  Ruvda  (TaJarie  xliige). 

Fommiaifeni  arc  almost  as  importaiit  in  Ibe  purely  marine 
Umt-siMni-i  SL-.  ihi'v  had  been  in  the  Upper  Caibonifcnias, 

Ccel«Dterata.  — 1'bc  Comb  are  still  mostly  d  Pala-ozoic  lyjje 
and  belong  to  Carbon  ifcrouit  genera,  but  some  of  ibe  modem 
Hrx.ia>ralU  hnvr  .ijijicarcd. 


• 


R 


ft&.tifl.^Oitui!ftmitrinmiaiNt  Brngn.    NeaciMkv  Aminlia 

EchinodennBta. — This  group  has  dwindled  in  the  must  le- 
inarl[a.ble  way,  and  instead  of  the  abundance  of  Crinoids  whkb 
flourished  in  the  CarbonLTeruus  seas,  arc  found  only  occaaJonal 
specimens. 

Arthropoda.  — The  last  few  stragglers  uf  the  genus  PkHlipm 
ifldicale  Ihc  cxlinctjon  of  the  great  Palaxwoic  group  of  Cruslarca, 
the  Trilobites,  wliich  hentx'forth  wc  slial!  meet  with  no  more;  the 
jEiuypterids  have  V\icir  \aJ.ce.  Vmwtv  TOjueacKwaaN**  i&  the  liule 
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I  coid  biiism  of  Bussarn,  in  Pcirtugal,  which  is  referretl  to  ihc  Per- 
mian, tbouf^h  with  some  doubt.  In  the  Kansas  Penuian  haw 
been  fi)un<l  numerouit  insecl.t,  which,  thuu^ti  rciteinhltng  tho^c  of 
Ibc  Carboniferous  in  a  general  way,  all  belong  to  species  different 
fnim  ihiBC  (if  the  laller.  The  giant  ins«ctK  of  Conimunlry  in 
France,  which  have  been  mentioned  in  the  chapter  on  the  Carbo 
nifrnw*,  are  now  referred  to  the  Permian  by  many  autlioritie^. 

BiTozoa  are  {>rominent  in  all  marine  formations,  sometimes 
forming  ri*fi. 

The  Bnichi^^KMla  arc  ^tlU  wry  abundant,  c^jiecialiy  in  the 
Lower  Permian;  they  are  ciowly  allied  to  those  of  the  Upjter 
Carboniferous,  and,  a.s  in  that  iH-rind,  the  frodiuHds  play  the 
most  important  rble.  thoui^h  many  of  the  species  are  peculiar  to 
the  Pennian.  The  curious  sessile,  irregularly  Nha[)cd  Rifhtko- 
ferm,  whkh  began  in  Ibe  Ulc  Carboniferous,  is  especially  char- 
acterislk  of  the  Pennian  limestone  accumulated  in  the  Mediter- 
ranean Thctys,  as  in  Asia,  Sicily,  and  western  Texas. 

Hollusca.  —  In  thi.>  group  very  striking  changes  are  to  be 
tioted.  The  Bivalves  increase  materially  in  variety,  and  in  addi- 
tion to  ancient  genera  like  Ai'kuhpftlen  (XII,  13)  and  Myalina 
(XII.  i»)  the  typically  marine  Permian  has  many  new  forms, 
such  as  ^rcci,  LudfM,  Liftn,  Bukei'tUta  (XII,  14),  Platn^torus 
(XII,  15),  J'fftidomotu^lU  (XII,  16),  etc.  The  Gastro|wds  require 
no  particular  mention,  except  for  the  great  abundance-of  the 
geJiu»  Bfiieroplwn  (XII,  17).  Il  is  among  the  Ccphalopodx  that 
the  great  advance  takes  place.  Orthoceroi  and  Cyrottrat  continue 
from  the  older  periods,  and  many  si>ecie»  of  the  genu.i  XaulUus 
are  added,  but  the  chief  fact  consists  in  Ibe  presence  of  Ammonoids 
with  highly  complex  sutures,  far  exceeding.  In  thbt  respect,  the 
ConiatilCK  of  the  Carboniferous,  some  of  which  continue  to  exist 
alonggde  of  the  more  advanced  form.>t.  Tlte  mure  important 
new  genera  of  Ammonoids  arc  MtdticotlM,  Plythiles,  Popano- 
etras,  WaaRfnotems  (XII,  20).  which  have  been  found  in  Texas, 
SicDy,  Ru.v\ia,  and  India.  The  presence  ol  \\ws«  T«ft*,^3^^ 
shells  pves  a  sOxmg  MesauAc  cast  to  ibe  Vernuftti  Viwrn*.. 

i ^ 
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Vertebtita.  —  The  FitJia  are  slill 
of  Carboniferous  lypcs,  and  many  d 
the  sainc  genera  occur,  while  tkv 
ones  arc  brought  in.  To  the  Sharks 
arc  added  tlie  curioux  hfauufii. 
which  ifi  armed  with  numerous  lon^ 
and  curved  spines.  Among  the 
Dipnoi  the  genus  Ceralodus,  vtt} 
closely  allied  to  the  modern  \ixtt%- 
fish  of  Ati^^tr^lia,  ntalces  its  first  ap- 
pearance. 

The  Ampkihia  are  represented,  u 
in  the  Carboniferous,  hy  the  Slego- 
<.-cphiilia,andseveralof  the  older  gencn 
persist,  but  man)'  new  forms  appear 
for  the  first  time,  several  of  which 
much  suri»iss  the  Carboniferous  genen 
in  nize.     (See  Fig.  380.) 

The  must  imporlanl  character  Ihil 
disltngiuishes  the  life  of  the  Permian 
from  that  of  all  preccrling  periods  b 
ihe  ap(>earancc  in  larKe  Dunibers  of 
Irue  ReptUes.  There  is  no  reason  lo 
suppose  that  such  a  variegated  replll 
i,*in  fauna  can  have  come  into  exist- 
eiicc  suddenly,  and  their  ancestors  wBI 
doubtless  tic  disrovcred  in  the  Carbu- 
niferoua;  but  while  no  true  reptiles  arc 
certainly  known  from  iW  latter,  in  the 
Permian  they  ape  the  most  cotupicu- 
ouK  elemenu  of  vertel>r3(e  life.  These 
reptiles  belong  to  several  orders,  one 
of  which,  the  Progaitasauria,  is  rep 
wsentcd  by  StesoMums  in  South  Af- 
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Amrrica.    The  Proterosaurta  an  a  veiy  central  eroup>   from 
wfaich   many  other  re|>lilian  orders  appear  to  have  descended: 


FlC  *Ba.  —  [^mlul  SHKoeapbaliuii,  i,rjjfi  wi^gauf^iatmi  C«pe,  X  tfj.    Skull  Mm 
from  Mi>.    (Cop«) 

Proterosaurus  and  Paiaohatltria  are  the  most  im^Kinant  Pvrniian 

gcnirra  if  ihis  group. 


FiO.  »Bi.  —  PcnnlMn  PeljctuiufUn,  .V4>>i>ivrirf  itavtftr  Cof*.     (Osbotnl 

The  PHytoiituria  arc  cxircmcly  curioufi  anim&\a  Iwmi'wTcT^^is. 
and   hohcmia.     T/iftie   wrre   carnivocous    \an4  Kv^fte?.  -kViiOr 


I 
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had  short  taQs  and  enormously  elongated,  sometimes  branrhbg, 
apines  in  the  back  (Fig.  i8i).  The  Colylosauria,  htavy  ma&^ve 
rc|)lile»  of  exceedingly  primitive  character,  which  retained  scii-rral 
features  of  tlie  stegocepbalou^  Amphibia,  are  repre^nted  inTexa« 
by  two  families,  including  several  genera,  of  which  DiadecUs  may 
be  selected  as  t}-picai.  In  South  Africa  is  found  the  extrsordioan 
Parriasaurus,  of  (he  same  order.  Piuciasaurus  followed  the 
Gloisoptcris  Flora  in  its  northward  migration  and  appear;  m 
the  upjiermost  Pcrtnian  of  Russia  (Tataric  Mage),  la  the  same 
stage  of  the  Russian  Permian  arc  found  Wo  other  orders,  which 
likewi.se  »ecm  to  be  migrant*  from  South  .Africa,  for  they  an 
abundantly  represented  there,  the  Atwmadontia,  with  turtle-like 
beaks  and  either  no  teeth  or  a  pair  of  large  tuaks,  and  the  Tkttw- 
doHtia,  the  latter  also  found  in  Bohemia. 


CHAPTER    XXXri 
THE   HESOZOIC   ERA~TRUSSIC   PERIOD 

Thf.  Meozoic  era,  so  far  as  we  can  judge,  seems  to  have  been 
shorter  than  the  Palamzoic;  in  North  Amuric:!  Mcmizoic  rocks 
arc  ^■ery  much  more  important  and  widely  spread  in  ihc  western 
half  of  (he  conlinciil  tliati  in  ihc  eastern.  Ti>e  latter  region  was, 
in  a  measure,  completed  by  the  Appalachian  revolution,  and 
8ub^e(llt«nt  growth  con.iisled  merely  in  the  succc^iivc  addition 
of  narrow  strips  to  the  ixiast-line,  but  in  the  West  many  great 
changes  were  required  to  bring  the  land  to  its  present  ccmdi- 
tion. 

The  life  of  the  Mesozoic  constitutes  a  very  distinctly  marked 
asscmMage  of  ty|>c.s,  ditTering  both  from  iheir  prcdeciCMors  of  the 
Patieozoic  and  their  successors  of  (he  Cenoxoic.  In  the  course  of 
the  era  the  Plants  and  marine  Invertebrates  attained  substantially 
(heir  modem  condition,  though  ihc  \'ertebr3ics  remain  through- 
out the  era  very  different  from  later  ones.  Even  in  the  Verte- 
brates, however,  the  beginnings  of  the  newer  order  of  things  may 
be  traced.  In  the  earlier  two  periods,  the  IViassic  and  Jurassic, 
vej^tation  »  almotc  confined  to  the  groups  of  Frmi,  Cycadi,  and 
Conifrrs,  but  with  Ihc  Cretaceous  come  in  ihc  Angiosptrmt,  both 
MoiuailylaUns  and  Diioiylaloiu,  and  since  then  the  changes  have 
been  merely  in  matters  of  detail. 

With  few  exceptions,  the  ancient  TrtrMorath  had  all  disap- 
peared, and  the  modern  Hfxiieoralla  took  Iheir  place.  The 
Eehiitcderms  wvn  all  markedly  different  from  the  I'aiieozoic  types. 
The  Cyticids  and  Blastoids  had  died  out,  and  the  Crineids  had 
been  revolutionised,  the  Camnala  being  replaced  by  the  .irtUu- 
lata.  Likewi^  the  modern  sea-urchins,  Emxhiimdca.  replaced  the 
ancient  Pola^tckinoidta,  and  many  Mcsoooic  genera  of  Vl«  Innnn 
QToup  ax  itill  JivMi^  in  our  modern  seas.    T\w  Starjuhes  Asa 
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assumed  tht'ir  modern  coDclilion.  Brathiopais  vere  Tar  less  abun- 
dant aii<)  diveniirtcd  than  they  had  been  in  the  Paleozoic,  and  be- 
longed, (or  the  roost  part,  lodilTereni  families,  while  ihe  Bifah-euA 
Ciiiiropod  MoUitua  incica.'ied  to  a  wonderful  extent.  Ivsi>cciali]r 
chanuieri^'tic  arc  the  mar%Tllou£  it-calth  and  variety  of  the  .-Im- 
motwid  Cephaiopotii,  which  diiappear  at  the  docte  of  the  en. 
The  DibraiuhiaU  Ctphaiopods,  with  intemnl  shclk,  make  their 
first  appearance  in  ibc  Afesoumic,  and  oik  group  of  ihcm,  the 
BdemniUs,  is  almost  exclusircly  confined  (o  tbc  era.  The  Af1iir»- 
pods  shovt'cd  the  &ame  re^'olutionary  chan|{es.  Among  the  Cms- 
bieea,  ihv  TrilobUa  and  F.urypltrids  ha^'e  gone  out.  but  all  the 
modem  groups  were  wclj  reproenlcd,  though  many  of  the  Mvshkhc 
gen«r»  arc  no  lunger  l»  be  (oun<l  in  the  Miis  of  to-day.  Insetls 
reached  nearly  llicir  modmi  comiition,  so  far  as  the  large  groups 
are  concerned,  bullcrilies  )>eeM,  waip«,  anis,  flies  l>cctlcs,  etc., 
being  added  to  the  older  orthopcers  and  neuroplcrs. 

Fithfs  became  modernized  l>cfore  the  close  of  the  era,  the 
Bony  Fhlia  having  acquired  their  present  pirdominance.  The 
Ampliibht  look  a  subordinate  place,  and  after  lIourLthing  foe  a 
time,  the  great  Strgocephalia  died  out,  leaving  only  the  pygmy  sala- 
manders and  frogs  of  the  present.  Birds  and  UammnJ.t  made 
ibeir  first  apjKarnni'c,  the  former  advancing  rapidly  to  nearly  thrir 
present  grade  of  organization,  though  not  reaching  their  [>reseni 
diversity,  while  the  mammaN  remained  throughout  the  era  very 
small,  primiiivc.  and  inconspicuous.  The  most  significant  and 
chararlcri.''tic  feature  of  Mesotmc  life  i.s  the  dominance  of  ihe 
Reptiles,  which,  in  size,  in  numbers,  and  in  diversified  adaptation 
to  various  condilioiK  of  life,  attained  an  extraordinary  height  of  de- 
velopment. The  Mcsoaioic  is  called  the  "  Era  of  Rcptilts,"  he- 
cati.'ie  thfrf;  were  the  dominaiil  forms  of  life.  Tliey  nlled  all  the 
r6les  now  taken  by  birds  and  mammaU;  they  covered  the  land 
with  gigantic  herbivorous  and  camivon>u>  forms,  they  swarmed 
in  llie  ^n,  and,  as  literal  flying  dragons,  they  dominated  the  air- 
Al  the  present  lime  there  are  only  five  orders  of  reptiles  in  exist- 
ence, and  of  these  only  the  crocodiles  and  a  few  huUccs  attain  really 


THE  TRIASSIC  PERIOD 


657 


sLse.  In  the  Mcsozoic  era  no  less  tiian  Iwcnly-Cvc  repliliitn 
%  flouri.tlted,  anil  many  o(  them  had  gigantic  member*.  Some 
ere  the  largcit  land  animals  that  eier  existed,  and  the ftea-dngons 
[vailed  llie  whales  in  siw.  Noihing  so  clearly  shows  that  the 
[csozoic  era  is  a  great  biatorical  fact,  as  the  doroiuance  of  its 
E  pi  lies. 

The  Mcsozoic  dimatcs  offer  some  difficult  problems.  In  funeral, ' 
be  climate  was  mild,  a$  is  shown  by  the  plants  fuund  in  the  Mesu- 
ok  rocks  of  Arctic  lands,  for  in  Greenland.  Alaska,  and  Spitz* 
icrgen  was  a  luxuriant  vej^etaiion  of  warm  temperate  tyi>e.  On 
be  other  hand,  certain  geologists  have  maintained  the  existence 
if  distinct  climatic  belts  in  the  Mcsoiioic,  indicating  equatorial, 
lonhcrn,  an<l  southern  zones,  hut  by  others  this  interpretation  is 
flcnied. 

I  The  Me«oz»ic  era   comjjrises   three   pciiods,  —  the  Triasdc, 
urassic,  and  Cretaceous. 

THE   TRIASSIC    PERIOD 

f  The  'lYUssic  period  is  so  named  from  the  very  conspicuous 

|hreefuld  sulxliv-ision  of  thi»  iyuera  of  strata  ui  Germany,  where 

:s  rocks  n-erc  first  studied  in  detail,  and  where  they  oc<:upy  a 

ater  area  than  in  any  other  European  cimntn*.    Tiic  German 

ia»  i»,  howciier,  nut  ibe  usual  (aries  of  the  5)-slcm.  but  a  v-erjr^ 

uliar  oiM,  and  cannot  be  taken  as  the  standard  of  comt 

miKt  other  countries. 

The  Trias  of  North  America  is  displayed  under  three  very 

iScrcnl  facie*.  —  llwl  of  the  Pacific  coast,  which  is  marine;  that 

if  the  interior,  which  is  lacustrine;  and  that  of  the  Atlantic  border, 

krhich  i»co:itineril.-il.    Owing  I"  the  al>scnre  of  fon^ils  cummun  to 

|U,  il  b  not  yet  possible  accurately  lo  correlate  the  three  facte». 

but  the  diviMons  nf  the  Pacific  and  Atlantic  iHinlers  are  ^ven  iaj 

he  following  table  together  with  those  of  Germany  and  the  general] 

irrangement  of  lite  Oceanic  Tria*,  the  former  1>eing  chiefly  of 

onilDeoial  lacies:  — 


av 


^^ 
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ConuLOoAinc 


CUSIMV 


tutne  CouT    Atlakik  Om 


Tinik 
Series 


Bajuvaric 

Series 

Nrwirt 

Kniper 

Tireirc 
Setita 

Soia 

Mnvhdkalk 

DInaric 
Scries 

Bunm 

Scrthic 

t    SandMria 

Series 

Bajuvnricf  Rhrtic  Stage 
SeHcs   \Juvavuin  Stagr 
CarintliiAn  Siagr 
Norian  (or  La- 
din  inn)  Stage 
(Aniiian  Stage 
U)-daspian  Siage 
{Jakutinn  Sta^ 
Brahman iaa  SUge 


Chabactes  and  DisTRiBfTiov  or  Trlsssic  Rocks 

EoropecD. — Tbc  Trias  of  Euro()c  has  been  so  thoroughly 
Htu<lied  and  thmwra  »o  much  light  upon  American  problcntt, 
that  it  will  Ix:  profilublc  to  (luparl  (mm  Ihr  usual  order  d 
Ireatineiit  and  take  up  iir^  the  develupiucnt  in  thai  conti- 
nent. As  in  the  Pi-rmiiin,  (he  TriK-tsIf:  nxks  of  Europe  an 
found  in  two  contrasted  facics  the  conlincntaJ  and  the  oceanic; 
the  former  cxli-nding,  with  interrupt  ions,  fnun  Ireland,  am» 
England,  France,  central  and  souliiern  Germany,  l<i  Poland, 
and  consiMlng  chiefly  of  red  san<J-.lcmc«  and  red  marls  and  da>% 
with  conglomerates  and  some  limestones.  From  this  it  follo«> 
that  the  nxrks  In  ihc  mountains  which  bordered  iheTriassic  basini 
and  plains  had  been  profoundly  decomposed,  as  in  the  «outben 
Appalachians  of  lo-day,  wliere  the  try.*lalline  rocks  are  chanpJ 
into  a  red  clay  for  depths  of  too  feet  or  more,  and  the  quaiv 
grain*  are  cowred  wllh  a  nd  film.  Af.  we  have  learned  fClnpicr 
TV)  tbc  red  lalcritcs  of  warm  regions  may  be  derived  from  terj 
many  different  kinds  of  pan-nl-rock,  igneous  rocks,  cryataUiDC 
schists,  limestones,  and  dolomites.  "I'his  makes  intclltgibk 
the  clo.«e  agreement  of  the  continental  Trias.'dc  rocks  over  grea) 
areas  of  the  earth's  surface.  Il  is  not  at  all  necessary  thai  ih? 
mouiiiain  ranges  nhich  surrounded  the  Triaasic  basins  and  pbin-- 
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should  haw  been  buill  up  of  ibe  same  rocks,  which,  as  a  mailer 
of  fad,  was  probably  ncvtr  the  case.  ...  It  weens  In  lie  un- 
diiuUeil  ihiit  Ibc  coniineiital  Triansic  sedinieDts  were  deposited 
in  basins,  or  on  low  plains,  and  (hat  their  material  was  deri\Td 
Irom  plateatu  and  mountaiib.  It  may  likewise  be  inferred  from 
the  si2c  and  rounded  »ha|>c  of  Ihc  o>ngi<>mcra(e  |>c-l)l>lc3  that 
running  water  transported  the  material  from  the  highlands  to  the 
basins."    (K.  Philip[.i.) 

In  Cfrmatty.  where  the  plainly  marked  threefold  divi^n  of  the 
strata  li^->  given  it.'<  name  lu  (Iw  system,  the  lower  ^erie^s  ur  Burner 
Sandstein,  varies  from  650  to  iSoo  feel  in  thickness  and  is  chiefly 
made  up  0/  ted  »and»tunes  and  Mmdy  shales.  In  northern  and 
central  Germany  il  is  so  intimately  connected  with  the  Upper 
Permian  that  any  tine  of  separation  belween  them  apjK-arc  (a  be 
arbitrary,  but  in  the  west  and  southwest  there  is  an  overlap  of  the 
Bunter  upon  older  rocks,  .\round  the  marginit  of  the  Triasdc 
baans  are  coarse  conglomerates,  with  finer  matciiaU  toward  the 
centres.  Occasional  and  temporary  lakes,  or  pkyas,  were  formed 
in  ihc  basins,  and  floods  rushing  from  the  mountains  spread  sheets 
of  sand  and  gravel  far  out  over  the  plains,  while  cro^^^bedded 
sands  Wfere  piiwl  up  by  ihc  wintU  over  extensive  areas-  Locally, 
the  playas  formed  deposits  of  salt  and  gy^^um,  and  cla-siic  beds 
niarked  l>y  sun-cracks  rain-prints,  and  tracks  of  animals.  All  of 
tbe^  features  point  unmistakably  to  an  arid  climate,  though  one  that 
was  prolttbly  less  extremely  dry  than  that  of  ihe  Upper  Permian. 
The  mountain  ranges  appear  to  have  been  sufficiently  high  to 
cause  abundant  Fm-cipitalion  upon  Ihem;  such  a  juxtaposition 
of  rainy  mountains  and  arid  plains  has  nothing  unusual  about  it. 

The  Midfilc  Trias,  or  -Mujchelkalk,  is  marked  by  successive  in- 
cursions of  the  sea,  the  first  of  which  came  at  ihe  end  of  tlie  Bun- 
ter epoch  and  eventually  extended  uvt-r  a  great  part  of  the  area 
occupied  by  the  Bunter  Sandstein.  leaving  deports  with  a  maxi- 
mum thicJcfles.t  but  little  exceeding  1 100  feet.  The  fossils  show 
■  hat  this  was  an  inland  sea.  connected  with  the  ocean,  but  having 
il  fauna  which  coinisiH  uf  com|)aratively  few  s|>ecics,  though  the->c 
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are  Mmettroes  iadividiuJIy  nxj  abundant.  The  rehlkm  of  tbot 
foosBs  to  ihosr  of  Uw  txnattopanry  pan  of  the  oocanic  Tim  b 
much  ^kc  ibe  rdstiun  Urtvrcn  Uk  moien  faanas  of  ibe  BbcL 

Sea  and  the  Mediterranean.  In  the  middleoCtbeMiwrbrlkaaLtbr 
conncctioii  wiib  the  ocean  was  shut  off  and  (be  German  sea  <»' 
verted  into  a  lalt  lake,  as  b  demunstraled  by  Ibe  deposits  of  p^ 
tarn  and  salt,  but  the  marine  conditions  were  moo  Rtsublblxd. 

An  elevation  of  the  land  caused  tbe  withdrawal  nf  the  MitUlr 
Tnaosic  sea  and  the  mumption  of  tbe  conditions  of  cr>niin«i»t 
sedimentation,  resulting  in  the  (onnatioa  of  the  ATru /kt  (maximum 
Ibickncss  >ooo  feet).  The  lower  parts  of  the  Keuper  contain 
>omc  marine  IwcU  and,  Wall)-,  thin  bedt  of  cnal,  liut  mo^t  <if  it 
consists  of  undy  and  clayey  beds,  which  change  rapidly  from  pomt 
■o  |Kttnl,  and  are,  on  iIm  whole,  of  finer  malerial.t  than  those  of  the 
Bunier.  'IIm  basins  had  been  largely  tilled  with  sediment  and  ibc 
mountains  had  \teca  lowered  by  denudation,  so  that  the  coarser 
materials  could  no  longer  be  transported.  Ilw  middle  Keuprt 
wa.t  a  time  of  extensive  soil  lakc:^.  in  which  lar^ie  bodice  of  grp- 
sum  and  some  salt  were  precipitated.  1'hc  latest  stage  of  tbe 
Keuper,  the  JOutlk,  wilnesised  a  renewed  tranHgrenion  of  ibe  su 

Trias  of  continental  origin  occurs  in  other  European  counirici 
In  Gnal  liritain  t!ieTrias&ic  ti-  almost  all  continental,  tbe  Middir 
Triassic  marine  invasion  not  extending  so  far  to  the  northwot, 
but  the  Rliaiiic  transgression  did,  and  beds  of  this  Mage  form  > 
thin,  though  persistent  band  at  the  top  of  (he  Keuper.  Tbe  Tri- 
aaeic  licds  cover  a  large  pan  of  the  central  plains  of  England,  ci 
tending  to  northeastern  Ireland,  and  «mall  areas  occur  on  (be  eau 
coast  of  Scotland.  In  Frame  Trias  of  the  (rennan  type,  including; 
the  Muschclkalk,  extended  into  the  eastern  and  »>ulhcm  parts  of 
the  country  lo  (he  Pyrenees  and  along  eastern  and  soutltem  Spain- 
Triassic  rocks  also  occur  around  the  margins  of  the  central  Plateau 
of  France.  In  tlie  )<outh  of  Sifaifn  is  a  considerable  area  of 
Trins^ic  rocks:  the  Keuper  is  coal-lwaring  and  b  overlaid  by 
marine  Rlwtli:  bed».  In  northeastern  Russia  is  a  great  cxtenl 
of  beds  bcIon(png  lo  ttuc'ViU-rK.  Askig:, ■«\w;Wmi\wcc.  xMiitioDtd 
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in  connecttofi  with  the   Pcrmlnn,  but  which  may  be   ia   part 
Triassic. 

In  the  Alps  are  two  weU-<ii9tingutshe(I  regions;  in  the  wcsIctd 
part  conditioRs  were  not  unlike  those  of  (Germany,  while  tlie  eastern 
part  (lisidays  a  grrjit  (level(>j)ment  of  the  tKcanic  limestwncs. 
The  western  Alpine  Trias  is  much  folded  and  metamorphosed  and 
bci:omr«  WTy  thick  un  ihc  Italian  side  <>f  the  mounlaint,  3n<l  is 
conspicuous  in  the  northern  Alicnnines.  On  the  east,  the  Palffo- 
zoic  roiks  of  the  Alps  extended  as  a  long  island,  or  chain  of  islands, 
from  tlie  Engadinc  into  southern  Austria.  "  North  of  this  old 
iuMllar  lTa<:t  the  Triansic  strata  are  on  ihe  whole  somewhat  sandy. 
...  On  the  south  side  the  dci>osJtion  of  limestone  and  dolo- 
mite ivent  on  more  conlinuousi)',  tliough  iiUerfervci  with  occa- 
sionally by  submarine  volcanic  eruptions."  (A.  Getkie.)  Almost 
ihe  whole  Triassic  succesMon,  except  the  lowest  members,  h  rep- 
irsetited  here  by  great  limestones  and  dolomites,  many  of  Ibc 
latter  probably  of  coral-reef  oriipn. 

Asiatic.  —The  exi'-tencc  of  the  great  Mediterranean  Thcly» 
in  part  of  the  Triassic  period  is  indicated  by  the  oceanic  depodU 
which  oii-ur  in  A.*iaMin«r, Central  Am.i,  Baluchi:(tan,  Afghanistan, 
northern  India,  and  Burmah,  Tongking.  and  Southern  China, 
but  in  the  Ixiwer  Trias  it  apfjears  that  India  was  not  in  connection 
with  Europe.  In  the  Salt  Range  of  Dorlhweslcro  India  and  the 
Himalayai  is  a  remarkably  complete  succession  of  Triassic  nicks, 
which  overlie  the  I'crminii  in  a  conformity  that  is  at  least  apparent 
and  may  be  actual,  though  there  i.s  a  faunal  break  Iwtween  the 
two  >^teins.  The  Hruhmanian  stage  of  India  is  not  represented 
in  Ihe  Alps.  In  central  India  the  (ti)n<lwdna  conditions  of  con- 
tinental sedimentation  continued  apparently  through  the  whole 
Tria.vsic.  Riiiks  of  thi.*  period,  which  seem  to  l>elong  in  another 
faunal  province,  occur  in  Japan,  the  east  coast  of  Siberia,  and  the 
Arctic  islandit,  Spileber^n,  and  Bear  Island. 

Amerkan.—  In  Ihe  early  part,  at  least,  of  the  period,  both  >forlh 
and  South  America  extended  farther  east  than  at  \mscn\,  ^n&  xvts 
marine  TVijwiic  rocks  are  Jtnown  on  ihc  .MVaiiVvt  dcvye  o\.  ci.>J<w« 
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Flu,  »!i-  —  Mill,  kpf  \inili  Amrrlea  la  ihc  Trlnuic  ami  {imnia  p«rto(U,  B^di 
■rexi'-knoum  fipeaiim:  shire  arcM*l>nit:  lincil  unta^u^;  doNHl 
■mu  -  Mfiilnenial  depoilti.  Tin  hOrbmU  linn  uhUcom  TrtMiic,  and  ibi 
vcttlgal  llnu  Jurauic,  teu. 
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continent,  but  tlicjr  are  extensively  (lis|ib)T(r  on  the  Pacilic  side. 
The  land  barrier  which  during  the  Pala-ozoic  era  had  bounded  the 
Great  Ba»n  «a  «n  the  west  was  submerged  and  the  Pacific  ex- 
tended ovct  the  site  of  the  Sierras,  covering  western  Ne\'ada  and 
sending  a  guU  inlu  Miuthva>(eni  Ida hu,  and  in  British  Cutumbla 
it  transgressed  eastward  across  the  present  mountains,  and  it 
covered  |iart  tif  the  coast  of  Ala.4ka.  In  California  and  Nevada 
all  the  series  and  many  of  ihe  stages  of  the  oceanic  Trias  may  Iw 
identified  aitd  tbeir  faunal  relatione  chanfce  in  a  very  interesting 
way.  The  lower  series  (StyUtif)  "  shows  an  intimate  relationship 
to  that  of  Asia  and  none  with  that  of  the  Mediterranean  refpon  " 
(J.  P.  Smith),  and  this  relationshi])  is  t>olh  with  India  and  nonhcni 
Asia.  The  difference  from  Europe  is  no  doubt  to  be  explained  by 
the  fact.  alKn'e  referred  lo,  that  in  the  l^iwcr  Tria*,  Thctys  was 
interrupted  somewhere  between  India  and  Europe.  In  Ihe  Di- 
narii:  Kcric^  an  inva.sion  fnmt  the  Mediterranean  region  h  evideni, 
though  the  track  followed  by  (his  migration  is  not  clear.  In  tbc 
Upper Tria.s  (Tirelk  series)  the  relations  were  first  with  India  anri 
tbc  Mediterranean,  succeeded  by  another  migration  from  the  north 
of  Asia.  Tliese  changes  in  faunal  relationshijB  have  been  i-ariou^ly 
cx[daincd  and  will  again  )>e  referred  to  in  considering  the  (|ucstion  of 
theTriaseic  climates.  Little  of  the  Bajm'arU  scries  is  found  on  the 
Pacific  Ctxul.  In  the  United  States  ihe  marine  Triawii:  rocks  do 
notexcced  4S00  feet  in  matimuin  thickness,  but  in  British  Columbia 
this  int-rea-scs  to  13,000,  much  of  which  U  Igneous  materia),  and 
similar  material  is  widely  distributed  in  southeastern  Alaska. . 

In  central  Mexico,  State  tif  Zacatccas,  is  an  i.'<olated  area  of 
marine  Trias,  belonging  to  the  Tirolic  series  of  the  Upper  Triassac 
and  with  a  fauna  allied  to  that  of  California.  Tliis  is  |>rol>ably 
only  a  remnant  of  a  formerly  ividesprcad  area  of  such  ro(ks,  nearly 
all  of  whit-h  were  cnKled  away  <luring  the  Lower  and  Middle 
Jurassic,  when  most  of  Mexico  was  lai>d. 

(^n  the  Atlantic  side  of  North  America  the  course  of  ewnts  wa.* 
entirely  dilTercnl.  In  the  Inller  half  of  Ihe  |)criod  was  formed 
u  wrics  of  long,  narrow  troughs,  running  closely  parallel  to  the 
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Utad  of  tfac  AppaLuUaii  Moaatoins  bui  wpsnicd  {nun  then  t? 
the  ridgr*  <>[  mecunufiibic  and  ajTstalUne  rocks,  vMcb  follow  tbow 
nwuDUins  on  ibe  rast.  and  whkh  then  probablj  bad  i  mosadenblc 
ahitDcfe,  mudi  greater  ihsn  st  ptoenL  In  liiese  (nx^hs  was  laid 
down  tJtG  enormous  ihkkncs  of  naD-nurmc  rucks  wfakh  cxmsUnilt 
the  Smarh  tents  and  are  d»w  foand  io  vrenl  (fiscoannted 
areu  Irara  Nova  Scotia  lo  North  Carolina.  The  longest  ccmtioQ- 
am  strelch  '>r  the«e  Ifcdft  U  frotn  Ihe  Hudwo  Ri^Tr  across  Ne* 
Jeney,  «>uthcs$trm  fcnnsylvania  ami  Mxrj-Unil,  into  Vir;^nu. 
whQe  another  cxicn4k-e  area  occupies  the  Cooncctkul  vallei. 
tbrougb  ircstcm  Connecticut  and  Massarhnsdtft.  The  Newark 
areas  have  lieen  so  exlen^velr  faulted  that  it  is  difficult  Io  ascertain 
their  thickness,  and  the  figurr«  given  ore  merelj  an  approximatioa. 
The  teries  reaches  Its  maumum  in  southeastern  Penn^ylranta, 
where  it  is  eslimaied  at  20,000  feet,  in  N'rw  Jersey  I2,ooo-t5.ooo, 
and  in  the  Conncclicut  valley,  15,000.  Souibward  the  ruck»  thin 
quite  rapidly,  and  about  Richmond,  Va.,  are no<  more  ihun  3000 
feel  thick,  and  farther  south,  still  less. 

Ihe  Newark  riN'ks  are  |>r<-v:nlingly  red  sandslooc*  and  sluio, 
eipet^ially  from  Pennsylvania  northward,  but  also  contain  mam 
wry  (taiys  ronglomcralcs  at  the  baNc,  and  higher  up  in  the  series 
along  il)c  western  border  of  the  area.  Thin  bands  of  liroeMov 
and  black,  fos^iUrerouw  «ha)e«  are  intercalated,  and  in  New  Jcney 
in  a  thick  mass  of  very  hard,  slate-toloured  shales,  the  Lockatoog 
stage.  In  the  n4>rthern  area,  Connecticut  valley.  New  Jersey, 
and  Pennsylvania,  many  of  the  beds  arc  ripple-marked,  sun- 
cracked,  pitted  with  raindn>|w,  and  prK«en-e  oountl««  fixrtprinU 
of  Amphibia  and  land  Reptiles.  In  Virginia  and  North  Carolina 
arc  workable  coal-seams,  and  the  red  colnur  of  the  other  nicks  » 
less  prevalent  than  in  the  North.  Except  in  the  black  shales,  foadb 
arc  very  few.  and  tlie  plant:*  show  a  di.iiinrl  difference  bciwccn  (he 
Virginia  and  North  Carolina  area,  where  ferns  predominate,  and 
the  New  Jenwy-Connecticul  region,  where  ferns  are  Icxt  abundant 
and  gymnosperms  more  so.  V\'hctlicr  this  dilTcrencc  is  cliotatic 
or  due  to  a  slight  difference  in  geological  date  it  is  dllTunilt  to  »ay. 
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It  is  siifficirntiy  c\-idcnt  (h»t  the  rocks  of  ihc  Nrwarlc  scries  are 
not  marine,  1>ut  ju:>I  how  they  were  aixumulated  k  a  quution  aa 
to  whkh  then  ie  much  disagrrcment.  It  has  been  usual  to  consider 
IIh-  Mrata  as  of  cstuarine  ori^n,  bul  (heir  litbolo^cal  character,  the 
surface  markings  of  many  nf  the  beds,  and  the  contained  fossils 
make  !«uch  an  ori|{in  improbable.  It  is  likely  that  duviatile  and 
subacrial  ngcnries  have  had  more  to  do  with  the  accumulation 
of  the  roatenal.i  than  had  any  Ixxly  of  water  in  communication  with 
the  sea.  At  the  southern  end  of  the  trough,  the  coal-beds  point 
unmisialcably  to  the  exinience  of  freshwater  -.wamp.-.  and  l«)gf*, 
while  the  red  colour  and  the  sun-cracks  prevalent  in  the  remainder 
suggest  offidilionR  rewmbling  thoite  of  the  German  Bunter  and 
Keupcr,  though  the  absence  uf  gypsum  and  salt  indicates  that  the 
climate  was  less  arid  than  in  Europe.  If  wc  cuuki  be  sure  that  the 
plant-bearing  l>wk  «f  \'irginia  were  a>ntcm[K>raneoiis  -with  those 
ol  New  Jersey  and  the  Connecticut  valley,  the  difference  in  the 
6oras  would  conlirm  the  inference  ihiit  tlie  climate  was  sub-arid  in 
the  North,  growing  more  moist  southward,  but  the  difference  may 
be  go'Ingical  r.iihcr  than  geographical.  Xo  doubt  lakes  of  greater 
or  le.u  duration  were  formed  and  arc  now  registered  in  the  fisli- 
bearing  shales. 

Igneous  activity  was  a  coQ3picuou.<i  feature  of  the  Newark 
epoch,  b(»th  in  the  volcanic  and  the  intrusiTO  form.  LAva-fl<vws 
were  poured  out  on  Ibc  surface  and  were  subsequently  buried,  anti 
beds  of  fragmental  products  hare  been  found  in  the  Connecticut 
valley  and  in  New  Jerwy,  while  dyko  and  sHU  accompany  the 
strata  throughout  their  extent.  Now  that  they  are  exposed  by 
denudation,  these  plutonic  hodie*  form  verj-  striking  features  of 
the  tO|>ography.  One  of  the  most  remarkable  of  the  intru.'.ive 
masses  is  the  great  Palisades- Rocky  Hill  mII,  the  outcro|M  of 
which  are  separate,  though  their  subterranean  connection  b  well 
a.<iccTtained.  An  account  of  the  Pulisattes  lta.«  already  lieen  given 
in  Chapter  XV.  AM  the  known  fos.'^il-bearing  horizons,  with  per- 
haps one  exception,  correlate  the  Newark  rwks,  with  the  Kcuixir. 
possibly  extending  up  into  the  Rhwlic.    The  exception  noted  is  wv 
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si)utliea.<(tern  Pennsylvania,  when  tbt  bedsi  reach  tlieir  mAnmun 
thickness  and  wtirrc  ihc  clcrjKT  punions  vc  said  to  have  j-ieMed 
Permian  plants,  but  this  awaits  confinnation. 

In  the  Mexican  States  <>f  Simora  and  Oaxuca  are  beds  similnr 
tothoacof  ibeNewari;,  which  contain  planlit  that  shov  ihr  fomia- 
lions  to  be  of  u[)ficr  KcujXT  age,  [KUtsing  into  the  Rhfetic. 
lanhcr  south,  similar  beds  occur  in  Honduras. 

A  Ihinl  fadc^i  i»(  ihc  Xorih  American  Tms  is  that  of  the  wesli 
interior,  which  has  much  the  same  distribuli4>n  as  the  interior 
Permian,  extending  from  Texas',  Arizona,  and  \cw  Mexico,  on 
the  MNith,  iiniund  (he  Cohirado  island,  nortli  to  (be  Canadian 
provinces,  though  not  continuously,  tn  many  areas  Ih^bcds  Imvc 
1L%  yet  yielded  no  fuvJk  and  are  referred  lo  the  Tria.s.sk  u|)iin  siralj 
graphical  grounds,  which  arc  not  always  (rustwor(hy.  Howev 
the  prewnoe  of  ihe  Trias  is  definitely  ascertained  at  many  points  in 
thcrcginndclincd,  though  how  mu^hof  the  system,  or  what  part  of 
i(,  is  present  at  any  pardcular  |{)ca)i(y,  can  rarely  be  determined, 
As  in  the  underlying  I'erminn,  (he  occurrence  of  gypsum  and  salt 
b  evidence  of  salt  lakes  and  an  arid  dimale,  bu(.  as  wa.%  {irobabty 
true  in  the  Newark  region  of  ihc  East,  (he  climate  apjvears  lo  have 
tmome  less  arid  s>3ulhward,  for  frcsh-waler Trias  has  tieen  found 
in  Texas,  northea^^lern  New  Mexico,  and  southwestern  Colorado. 

South  Ammea,  like  so  many  of  the  other  continents,  has  both 
the  continental  and  m.irinc  faries  of  the  Trias;  the  former  is 
found  eaAl  of  (he  Andes,  in  (he  Arfientine  Republic,  and  is  cool- 
bearing,  with  plants  which  corre)a[c  it  with  Ihe  Rhivlic.  On  the 
west  side  of  the  Andes  the  marine  Trias  is  upturned  in  (be  moun- 
tains. 

AMcatL  —  ftt  South  Africa  the  Karroo  system,  is  already 
pointed  out,  U  a  i-onlinenlal  formation,  extending  in  apparently 
unbroken  continuity  from  the  Permian  into  the  Jurassic.  TTie 
Triassic  portion  h  (he  upper  jian  of  (he  Bttiufort  series  and  ha> 
yielded  a  remarkable  array  of  fos<il  Reptiles.  The  land  connection 
with  India,  "Gondndna  Land."  was  s(ill  maintained.  In  north- 
ern. Africa  Trias  of  the  German  type  cotcts  extensive  areas  in  ihe 
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province  of  Conslantioc,  Algpria,  corresponding  to  the  Muschd- 
kalk  ami  Kctijwr,  ibe  I.Hlcr  conluimng  jofMum. 

Ausmilafian.  —  Oceanic  Trias,  especially  of  the  Upper  Triassic, 
is  found  in  many  of  the  Indo-Pactfic  island;',  Borneo,  Sumatra, 
the  Moluccas.  N'ew  CaWlonin,  and  others.  In  Australia  conti- 
ni-ntal  Triat  L-*  found  in  N'ew  Somh  Wales,  where  the  lower  portion 
is  coal-bearing, and  inQiicens]an<l,  where  the  upper  division  carries 
coal-bed-s  as  also  in  the  northwest.  In  New  Zealand,  tliere  13 
evidence  of  giaciation  in  this  [irrioil  and  the  glacial  Iwds  arc  otct- 
laid  by  marine  deposits. 

Climate.  —  In  the  Triaisit-  of  the  nurihcrn  hemisphere  lliere  is 
evidence  of  very  widespread  aridity  of  climate,  accompanied 
by  general  warmth;  eeniral  Europe,  north  Africa,  the  westerD 
interior  of  North  America  and.  in  lesser  degree,  the  norihcaslem 
part  of  the  same  continent.  From  the  di.itrihuiinn  of  the  fnvtiU, 
tbereisreason  to  believe  that  in  the  Arctic  Sea  the  water  was  cooler 
than  in  lower  latitude^  and  that  the  remarkable  chan^eti  in  the 
faunal  relations  of  nur  Pacific  <iia<t  during  the  |>criod  arc  to  be 
exfijalned  rather  by  the  closing  and  reopening  of  Berin);  Straits 
than  by  the  upheaval  and  depres^on  of  land  bridges  acroK.s  the 
wider  pans  of  ibc  Pacific.  This  problem  will  again  |)rcsent  itself 
in  the  subsequent  periods. 


The  Lwk  of  tuk  Twaesic 


Ttiassic  life  is  entirely  different  from  anything  that  had  pre- 
ceded It,  though  tlw  way  for  the  change  was  already  prepari:^  In 
the  Permian.  As  we  ba\-c  seen,  the  Upper  Permian,  if  clashed 
by  its  planti  alone,  would  be  referred  to  the  Mesozoic  rather  than 
to  the  PaUcozoic,  an<l  we  are  therefore  prepared  to  learn  that  the 
Triassic  flfwa  is  very  similar  to  that  of  tbc  U[>|>cr  Pcrmi.in,  though 
the  Upiwr  Trias,  especially  llie  Rhictic,  marLs  a  decided  advance 
among  the  plants.  Among  the  animals  a  conuderable  number 
of  surviving  PalxuKoic  lyp»  persist  into  the  Tria.s  which  do  not  pus 
[nto  the  Jtmssic. 
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Flnto.  —  Triaifik  ivgrtutin  a  canpowd  td  Fenu,  Htndaii. 
Cycaii,  umJ  Ctmiftn,  and  of  tudi  pbnu  were  Uk  Newwk  ad 
of  Vuigioia  and  N«rtb  Caixitii»,  llic  Krupcr  <val  of  Gcnnaojr  lod 

SwMlrn,  sad  the  Triueuc  cua)  uf  South  Africa  and  AiBtnlia  ac- 
cumulated.   Tbc  Kcnu  an  nJalivdy  »onir«rhal  Ie»  aboadu 

than  tihcj  had  been  ni  tiieCu'- 
bonifcTQUf,  and  numy  of  tban 
brioDf!  to  ihe  cxtsdog  mfial 
famil)'  of  the  UaraOiaeeg- 
Tanioptetii,  Catdapterh,  Cls- 
ihrapleris,  arc  araong  the  rnvt 
imporUnt  genera.  In  Mr- 
giraa  a  magntficeni  fern  with 
very  broad  leaves,  i/nmMew- 
e^rrU  (Fig.  aSj),  h  Ihe 
moot  abundant  and  durac- 
Icri^lic  <>r  the  TrUwk  ptuts 
ihcrc  found. 

The  Lyeopods  have  urder- 
gone  a  great  reduction  since 
ihc  Carbon  if cnius,  ihnugh  a 
few  stragKling  specimens  of 
f>l:mls  n-btc<l  tu  Sigiihria, 
but  bclon^ng  to  a  distinct 
family,  have  been  found  in 
the  Lower  Trias.  The  Cal- 
amitcR  are  no  longer  found. 


I'll),  of],     A  'I'riaulo  Nm,  MifrvAmri- 
(RntMll) 


bul  MX  the  oilier  hand,  true  HoreelaHs  of  the  modem  genus  EquUt- 
turn  now  tnake  ihcir  first  appearance,  and  much  s.nrii;i»  ll»dr  rotid- 
eni  rejiri-wnlalivcs  in  size,  having  stems  o(  4  inches  in  Ihickne^- 
Rliixomes  and  stems  of  these  plants  arc  wry  common,  and  dcwe 
fp^>wlhi  of  ihcm,  like  cane-brakes,  surrounded  the  inland  seas 
and  saIi  lakes  of  Ihe  period.  The  CorJaiUa  hare  dlKap|>carcd, 
IntI  Ihe  Cytadatrs  wlili  ibcir  stiff  leaves  abounded,  growing, 
less,  on  the  dryer  lowlands  abovx  the  swamps,  most  of  them 


beloD^ng  to  such  gimcra  as  PterofhyUum,  ZamiUs,  and  0/«a> 
mutts  (FiR.  184),  ThU  group  of  plant.t  U  a  charsctcridic  Mcsoioic 
00c,  and  the  era  is  sometimes  called  the 
"Age  of  Cycads."  The  term  CycaJalej  h 
tmfAoyxA  to  indicate  "  a  group  enonnou<Jy 
(rider  than  our  recent  Cycadacea;."  (D.  H, 
Scntt.)  The  Gingkoacnc  continue  to  be  rep- 
resented by  Biiiera.  On  the  bills  and  up- 
lan<b   grew   dense   forests  of  Conifcn,   id 


Fia.at4.-.U>roraTti> 
ndeC^CMl.  Anom/rt 

(N««tNR7) 

appeanDce  like  (he 

AraiuarptHS,   which 

are  found  lo-day  in 

rio.  tf 5. -Trteulc  Contfet.  (Wftw  *<tirrffyiu.        Soulh  America,  Poly- 

(Frui)  neiila,  and  Australia. 

AnucarUa,  and  the  i7i>pe«i-like   Veiisia  (Fig.  185).  the  latter 

much  re^mbling  the  Permian  Waldiut,  arc  common  genera. 

White  the  TnassiclluraiNthiBdifTercDC  [rum  that  of  the  P%!>Ka* 
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suk,  il  ana  bm  ^nn  to  the  imdataqMS  of  ^le  jtmafl  wmit  ^ 

^B^DC  UOtBBitWtMX  flv  JSfSOCBB  BOB  HQDKiBli^  OQl  9lfllBS4Htt  ^BOCRBT 

sad  noaaiMMiM,  i^geui^xm.    fnAmiiU  tbr  fon  incite  at  Nnr 
Zeaboil  ^vc  tbc  facs  nndaii  potm  dI  tticac  tmig . 
wuadbsdi. 

Of  aurine  i^MitB.  dM  Cricanma  JUgm,  or  CmOnw; 
Aoold  be  mntinunS  at  wair  AnwIaiM  abnui  ibe  oonl  »&  to 
trlikli  they  txiotribulpd  iBTRdy. 

4»^nw  the  i^wtmaW  tl)(  j-kawy  from  FdcuMHT  tinm  is  my* 
nan  cooufclc  tfaia  1***"*^  tbc  i^uUk. 

OiiUntMMij  — Cuab  afaoonded  id  tbr  new.  wharrrr  am£- 
tiuDE  wtn  fwourabte  lo  thdr  Bnwdi.  Imi  thr  Paincaoic  Fdnr- 
£«raCa  tkawe  utartySBi  oat,  tfaoaifa  a  lew  ul  the  TecncannB  and 
of  the  Tabulate  HrxararaBa  mrrhvd.  Thar  place  is  taikca  br 
the  aoden  lype  Hcwcfgg,  Ukni^  ifac  tiro  granp*  <tf  coob 
apfvMdi  each  other  so  ckadjr  that  the  (Sstiiidioa  k  not  a  dtaip 
<j«ie. 

Eddoodermata-  — iDlhktypcasmiBaibddHnge  haf^takm 
[jlace.  The  Cysbtidi  and  AtastoUi  bare  diBa|ipeafed,  and  ihe 
Criiuridt  hitvt  undrrgooe  a  dnnge  of  strurture,  tbr  Ctmurala 
giving  wsjr  to  Lbe  Anieuhta.  but  the  latter  occur  anl;  in  ouD 
niunLei>  and  ia  t'har:irtcr  ratbcr  transitional  kam  the  oMer  fonn* 
thao  tjrpkal  uf  ibe  new.  Of  ibe  Triasnc  Crinotds  much  lite  (un- 
Ru««Mt  U  Encriniu,  vrhicb  i^  m>  rhanctcristic  of  tbe  Gcfntao 
MufichclkaDt.  SiraiUrlr,  ibe  amical  type  <rf  the  sea-urdnnst 
tbt  Pai^vktnoidea.  '»  all  but  pwe,  only  a  few  pei>t»l>ng  through 
iheMrswdc,  n-hile  ibe  Etteckinmdei,  wbicb  began  in  a  unall  war 
in  the  CarbonUerou*,  nou-  come  \o  tbe  front.  Tbe  Tria»)c 
f>hinotd£  arc  all  of  regular  shape,  tbe  irrcguUr  fcfms  not  afqiear- 
ing  till  later. 

Arfhropoda.  —Tbe  long-tailed  Decapod  Crustacea,  Maenam, 
are  found  in  Ibe  Triu,  |m>)Milily  the  most  ancient  re prcwn tallies 
t'i  ibe  group.  The  OtSriic«4a  are  not  uncommon.  Tbe  litiir 
of  Phyllopoia,  Eslhtm,  i*  v«v  corainoo  in  tbe  German 
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brackish-water  conditions  where  it  occurs.    Among  the  Insccit, 
Coifoptera  (BeeilcH)  are  added  to  (he  two  orders  which  src 
definitely  known  to  occur  in  the  I'alteuzok. 

The  Bfyozoa  undergo  a  marked  change  in  the  di.iappearance  of 
the  ancient  Kenestella-Uke  genera. 

Bnehlopoda.  — One  of  the  most  important  changes  from  the 
Palomzuic  to  the  Mcsu2oic  coasist^  in  ihi-  gavit  reduction  of  the 
Brachiupodi  in  variety  and  numbers,  and  in  a  difference  of  char- 
acter, the  ihctU  with  Jong,  straight  hinge-line  giving  way  to  those 
wit)i  short,  cur\cd  hiogc,  like  Ter<hraiulc  (PI.  XIII,  Fig.  7).    Even 
in  the  Trias  the  reduction  h  very  marked,  though  several  Palieozoic 
genera  have  their  latest  representatives  in  the  rocks  of  thi.*  .lystem; 
as  examples,  may  be  mentioned  Produclus,  Alhyris,  an<l  Cyrlina. 
Koninckifw  is  a  new  genus  of  the  Spirifcr  family,  which  b  con- 
fined In  the  Trias.    The  still  eusling  genera,    Tertfinttuh  and' 
RkymfimuUa.  are  much  the  most  abundant  brachiopods  of  ihei 
period,  and  ThetUlium,  which  later  become*  important,  hm  it 
bc^nning  here. 

HoUusca.  —  Almost  in  proportion  to  the  decline  of  the  brachio- j 
pods  is  the  rise  of  the  Ptltcypoda,  or  Bivalves,  which  now  become] 
fur  more  varied  and  abundant  than  they  had  been  in  l)ie  PaUra-' 
zok.  I'erten,  Psfudomotwtis  (XIII,  S),  Myapliona.  /falobia,  Dao- 
nfiia  (XIII,  9),  and  Cardila,  may  be  selected  as  a  few  exampleti 
of  the  commoner  genera.  The  higher  forms  of  the  class  urc, 
however,  slill  rare.  The  Oauropoda  are  yet  in  a  transition  stage. 
Sc\Tnd  genera,  such  as  Mituhisouia,  Loxonfina,  etc.,  here  makcl 
their  last  appearance,  and  mingled  with  thcra  arc  the  forerunners 
and  earliest  rc[>rwentatives  of  modern  tyi)cs,  such  as  Crriihium 
and  other  genera,  in  which  the  mouth  of  the  shell  is  no  lon^  a 
eofDplcte  ring,  but  U  tlrawn  out  into  a  gmo^'cd  siphon.  ^h 

The  Ce^alofoda.  and  more  particularly  the  AmmenoUs,  havc^^ 
already  acfjtiircd  a  wonderful  degree  of  abundance  and  variety. 
The  ancient  Xautiloid  genus  Orlhocer^s.  which  ranges  through 
Almost  ibe  whole  PaJieoeoic  group.  jKrsistsinVoiheTuis&w.sijiMecav 
but  not  later,  aad  numerous  coiled  NAUiiWid^  \vW\  ati^ViVtA  Mii 


L 


Plair  XIII.  — TsiAaic  IsvirnTuiiiAni  t'usKiU 

Tiifi.  I.  ut.  Trrfitri  luUillttlri  Kmiei,  lidc  nd  <ni  nm,  f'i.  Vy  Tr.  *.*•,  Wn^ 
*r«Ji  (T-*i(?.faAi  WlriW.  u«llklH>n>  i<H»,  1^«  It.  },  >•.  (.'ranhMlK'rdJ  Um^ri 
GMr.    '  K.  tM  and    iBjitt  »i«»i,  MiJ.  T(.      j/.   7"»»  M«r.  ■  tuiun  li«»,  •  i.    (. 
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ornamented  §hcKs  rcciiil  ihosc  of  ihr  Carboniferous.  Of  the 
Animonoids  some  «lUI  have  the  comparatively  Mmjilc  sutures  of 
the  GnnUtiics,  others,  like  C'rraliles,  have  slightly  t«rra[ed  sulures, 
while  tn  the  upper  Triaj&ic  occur  some  shelK  in  n-liich  the  com- 
plexity of  the  sulure^  is  carried  farther  thuo  in  any  other  known 
members  of  the  group.  Only  a  few  of  this  great  asM-mblage  of 
genera  can  Ik:  menliuncd;  especially  charactertslic  of  the  Trias 
are:  TiroiiUs,  TrathyctrM,  Atrtketeriis  (XIII,  »),  Anettes,  Cera- 
tiles,  Tropilfs  (XIII,  t),  Joannila  (XIII,  5),  Oymnotoferas 
(XIII,  3),  SagenJIes  (XIII,  4).  and  AnakUes  (XIII,  6).  It  is 
very  interesting  to  observe  that  in  the  Trias  wcur,  thouf;h  but 
rarely,  certain  unuiual  forms  of  Ammonoid  shelU,  which  do  not 
become  iiniKiriani  until  the  long  sub*eiiuent  time  of  the  Cretaceous 
period.  Rkabdoceras  has  a  slraighl  shell,  Cochlectras  one  that  is 
coiled  in  a  high  Nj>irat  like  a  gn.vlro|Hx),  and  i:i  Chcrhlorfntt  the 
coils  arc  open.  The  similar  Oetaceous  genera  were  not  derived 
from  thew  Trias^dc  anticipations,  but  are  degenerate  members 
of  many  Ammonoid  families.  The  Uibranchiate  Cephalopods, 
and  especially  the  characteristic  Me.<tozoic  group  uf  ilie  Brlemitiks, 
bmve  their  eariicst  and  most  primitive  representatives  in  the 
Tria&sic  fienera  Alraailts  and  Aulacoeeras. 

The  Vertebnita  arc  of  extraonlinary  interest,  and  if  the  Trias 
had  yielded  only  vertebrate  foicils,  it  would  still  be  apparent  thai 
great  progress  bad  been  made  since  the  time  nf  the  latcs>t  known 
Palsotoic  beds.  The  Fithes  dt^pby  this  progress  least  of  all  the 
Vertebrates.  Shark  teeth  arc  known,  but  not  skeletons.  The 
Dipnoan  CrmlDdus  f*  very  characteristic,  continuing  up  from  the 
Permian.  The  Crossopterygians  have  greatly  declined,  I>ui  >ome 
very  large  and  curious  fi.ihe*  of  this  group,  like  Diptiirtu  (Fig. 
a86),  still  linger.  The  Ganoids  continue  to  Ix  the  dominant  fLsh- 
type,  csi>ecially  of  the  inland  waters,  and  are  most  like  the  ex-  I 

isting  garpikes.     Catopierus  and  Isthypieria   are  rejiresentative         | 
American  genera,  and  Semionotus,  Dktyopyge,  and   Ltpui»tKs 
arc  nearly  allied  Kumpean  fishes.  1 

The  A  mphilna  reach  their  culminating  mporVaiNCC  wv  \\w'^'tta*» 
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the  Stcgociephuliu  mulliplpng  and  divcrdfying  in  a  wondcfiu! 
fashion,  and  far  aurpa^ng  the  ^-nera  of  the  CurlxMiifcrous  and 
Pcrtniai)  in  size.  Tticsr  Amphibians  have  btcn  found  in  North 
America,  soulbcra  Africa,  and  Europe;  hut  ihosc  of  the  Ib-I- 
named  continent  are  much  the  best  understood,  because  betl 
preserved,  the  Bunler  sandstone  of  Germany  being  a  treaauit- 
liDUM:  of  nucii  ic mains.  MastcdoHsaurus,  Cyclaloiaunis,  and 
LabyritUhodon  are  common  European  genera,  but  there  arc  manjr 
otiicis.  Cheirolherium  (also  Curojican)  is  known  ooly  from  iK 
curious  fooiprinls,  like  the  print  of  a  liumsn  hand. 

Rt-piiliii.  —  li  i.s  in  this  da^s  that  wc  iind  the  most  rvinarkalitr 
changes;  and  although  reptiles  are  common  in  the  Permian,  the 


fVi.ai6.  —  l>ifltmii  l^nxieauiiiitui  Sfwben-y.    Ncwiik  tbatra.    (D«an) 

abundance  and  diversity  of  the  Triawiic  replilec  are  incomparabl; 
greater.  Almoiit  ail  the  orders  of  Mesozoic  rcplilcs  are  already 
represented  in  ihe  Trias,  though  often  by  cumparjtively  MnatI  and 
rare  forms.  The  Triaisic  reptiles  arc  much  more  common  and 
(jetter  preserved  in  Europe  than  in  America;  but  siich  An»crkan 
genera  as  do  occur  show  that  there  was  no  essential  difference 
between  the  reptilian  faunas  of  (he  twio  continents. 

The  Gnalhoiiontia,  which  arc  very  near  to  the  Permian  Pro- 
ganosauria,  are  represented  by  Tdr-rpfton  and  HypcmiafirdM. 
Superficially  like  Cr(x-"dtle>,  hut  belonging  to  a  diffcrcnl  order, 
the  ParatHthia,  arc  the  little  Adomuntt  and  the  foomdabfc 
BelodcH  (I'"ig.  387),  the  latter  found  also  in  this  country.  The 
first  of  the  dolphin-like  UMihyasaun,  which  became  so  imponanl 
in  the  Jurassic,  arc  sparingly  found  in  the  Trias.    Another  group 
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«a-dragon-s  llw  Plrsiasaurs,  which  allainrd  sucli  preal  devel- 
opment in  Jura&sk  times,  is  represented  in  the  Trias  by  small 
ancestral  formx,  NoAomurui,  etc.  These  are  of  extrauixlinary  in- 
terest, as  showing  the  descent  of  the  [nircly  miirinc  I'le^iosaurs, 
with  their  flwimming  paddles,  from  Icrrestrial  reptiles  which  bad 
feet  adapted  for  walking.  Another  onlcr  of  Trias«ic  reptiles, 
the  Tkatallosauria.  were  already  well  adapted  to  a  marine,  pre- 
daceous  life;  as  yet  they  are  known  only  in  Nevada. 

One  of  the  roost  characteristic  of  theMcscuioic  groups  of  replUes 
is  the  super-order  Dinosauna,  of  which  the  Trias  has  many  rep- 
resentatives; hut  dearly  there  were  very  many  roore  than  have 
yet  been  found,  for  the  Newark  sandstones  of  the  eastern  United 
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Fig.  i<7.  —  Skull  a\  BtUin  t^Jl  v.  Moyn.  about  \  namral  titt.    (ZUWQ 

Slates  liavc  preserved  a  great  variety  of  Dinosaurian  footprints, 
hut  very  few  bones  have  been  found  tn  these  rock.-*.  The  Di- 
notauria  were  much  diversified,  adapted  for  vTry  different  habits 
of  life:  some  were  herbivorous,  others  carnivorous;  some  walked 
on  all  fours;  others  were  occasionally  or  hahitually  bii>edal,  and 
walked  upright  after  the  manner  of  birds^  with  which  they  have 
many  structural  feature--^  in  common.  The  gigantic  size  attained 
by  s«mcof  these  creatures,  even  in  the  Trias,  is  shown  by  the  foot- 
pdnLt,  some  of  which  an  14  lu  tS  inches  in  length.  Of  the  few 
American  forms  of  which  the  bones  have  been  found,  the  best 
known  is  AiKhisonnis  from  the  Connecticut  valley,  and  of  the 
European  genera,  the  much  larger  Zatiflodon. 

The  earliest  Turtles  are  found  in  the  Tria.'djc  of  Europe,  and 
these  first-known  memlK-r*  of  ihe  order  arc  as  tyi>ically  differen- 
tiated as  any  of  the  later  members.    No  doubt  the  Turtles  on^- 
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nstcd  in  ibc  Perm!a»,  in  some  rcpon  as  yet  unknown,  and  mi* 
grated  to  Europe  in  iIh-  Trios-  The  Theriodottlui,  whkh  wc  found 
i>eginnin{(;  in  the  Permian,  culroinaied  iit  (he  TrisH,  especially 
in  southern  Africa.  Of  thb  group  there  are  two  TriaAsic  orders, 
the  Anenwdontia  and  the  Theractp/miia.  Tlie  fnrnKT  huve  an- 
ting, jaws,  like  Tunics,  and  may  or  may  not  possess  a  pair  oc 
great  lusk^  in  the  up|)cr  jaw.  Dieynadon,  a  ipniis  of  this  sub- 
order, has  been  found  in  South  Africa,  India,  Russia,  and  Scot- 
land. The  Thcnxrphalia  [>rc»ei)l  extraiirdinar)'  npproximalioiis 
to  the  mammsJs,  and  have  left  a  Rrcat  weailh  of  remaitis  —  soioe 
of  them  %'ery  large  —  in  the  Kairoo  Iwds  of  South  Africa,  and  less 
abundantly  in  India.  The  eariiest  Icnon-n  members  of  lltc  ^\ia% 
replilr;<,  nr  Pterotatiria,  orcur  in  the  Khn:li<r  of  Europe. 

The  Trias  has,  as  yet.  yielded  no  LUards  or  Snakes,  which  be- 
rame  very  important  at  a  later  dsie.  No  bink  are  known  from 
this  period,  nor  any  reptiles  which  can  be  regarded  &&  the  anccsiort 
of  birds- 

Mammalia.  —Still  another  great  advance  in  the  progrcw  nf 
life  is  registered  in  the  fir>-t  apiH-iirance  of  the  Mammals,  which 
occurred  in  the  Trias.  .Mammals  are  the  most  highly  organized 
forms  of  animals;  but  these,  their  earliest  known  rcprcscn  la  tires, 
were  %-cTy  small  and  \-cry  primitive,  prinR  little  promise  of  being 
the  future  tunqneror*  of  the  world,  as  ihey  mere  liny  creature; 
which,  in  a  measure,  represent  the  transition  from  lower  verte- 
brates upward.  Two  .American  genera,  Dromitherium  and 
AficnxatiwifiH,  and  one  l^uropcan  genus,  Mkrdtiles,  lia*-e  been 
recovered. 
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[  WiLLiuf  SuiTn,  the  faihrr  of  historical  gcolo^,  was  the  first 
'  In  wiwk  out  Ibe  division*  of  ihe  Jurassic,  which  he  did  early  in 
the  last  century,  Tlip  tcrm^  whith  he  employed  arc  local  EnglUh 
names,  and  these,  somewhat  Latinized  in  form  by  the  Frvjich 
geologists,  are  now  very  generally  used  as  an  international  scale. 
.  These  arc  pvcn  in  the  table.  Smith's  name  for  the  system, 
"  Oolllic,"  ha»  been  abandoned  in  favour  »f  the  tenn  JuraixU 
which  wa<i  lir^t  used  by  Brongniart  and  Humboldt.  It  was  taken 
frum  the  Jura  Mountains  of  Sn'iDH.'rlaml,  where  the  mck-i  of  this 
system  arc  admirably  displa^vd.  In  Europe  the  Jurassic  has  long 
been  a  favourite  subject  of  study,  l>eeause  of  llie  maneJIous  wealth 
of  beautifully  ]>re-*erved  fossil'^  which  it  contains.  For  this  reason, 
tbe  Juiussic  is  known  with  a  fulness  of  detail,  such  as  has  been 
acquired  rejtarding  very  few  of  the  other  system;;  and  no  les.s  than 
thirty  weli-dclincd  subdivisions  have  been  traced  through  many 
countries  of  the  OhJ  World.  In  this  country  the  JuraNUC  is  ill 
represented  and  its  divisions  are  not  clear. 
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THK  JURASSIC  PERIOD 

Dbtkibotkin  or  Jurassic  Rocks 

AniericaiL  — No  tinrfnuhufl  Jurassic  strata  wnir  in  Ihc  Atluilk 
border  of  ihc  LInitcd  Slate*,  though  by  iome  authorities  ihc  upfwr- 
most  pari  (if  the  Trias  {Newark  Scries)  is  referred  to  tbb 
system,  and  by  others  Ihc  Potomac  Scries  of  the  Cretaccwi.t  b 
regarded  a«  Juras.'^ic,  at  tea.xt  the  lowest  )Mrtion  of  it.  Whether 
or  not  these  references  be  correct,  no  marine  Jura  is  known  on  llie 
Atlantic  slope  of  North  America  except  in  Mexico.  In  eastern 
North  America  the  Jura  was  a  time  of  great  denudation,  when  the 
high  ranges  of  the  Appalachian  Mountains  were  much  denuded 
and  the  newly  upheaved,  liilet),  and  faulted  beds  of  (bcTlias  verc 
wasted  and  probably  worn  down  to  a  pcncplaui. 

At  the  Iwfcinniiig  of  ilie  jteriod  Mexico  was  generally  elevated, 
causing  the  sea  to  withdraw  from  thow  areas,  as  yet  of  unknown 
extetit,  which  it  had  covered  »vilh  *ha]li>w  water  in  the  I'ppcr 
Triosaic.  At  the  same  time  the  southeastern  portion  of  the  country 
was  invaded  by  the  sea  and  would  seem  to  haw  remained  sub- 
merged cbiring  the  I>ower  and  Middle  Jurassic,  but  at  this  time 
roost  of  Mexico  was  land,  and*  denudation  swept  away  most  of 
(he  marine  Triassic,  leaving  but  a  single  known  area. 

In  the  western  Interior  region,  what  is  believed  lo  be  Jurasdc  i*. 
for  the  most  part,  placed  there  on  ?.tratigraphica]  grounds  only, 
for  few  of  the  rocks  have  yielded  fossils.  The  beds  in  queitlioD  are 
largely  sandstones  which  in  many  jilac^es  rest  ujion  Triassic  Strata 
and  extend  from  northern  L^lah  southward  into  Arizona  and  New 
Mexico,  and  weMwanI  fmm  the  Rocky  Mountains  to  the  Great 
Basin  land  which  bordered  the  Pacific.  Whether  lliesc  doubtful 
beds  represent  the  whole  Jura  or  only  a  part  an<l,  if  so,  what  part, 
are  questions  that  cannot  ycl  be  answered.  Some  of  the  sand- 
nlone^  contain  gypsum,  testifying  lo  salt-lake  conditions. 

On  the  Pacific  coast  the  Lias  occurs  in  California,  Nevada,  and 
Oregon,  but  not  in  British  Columbia,  and  tecunt  in  Alaska  and 
soflie  of  the  Arctic  islands.    I'he  migration  of  marine  aniroali 

iin  the  north,  ■wVtc\v  Vai  \iwa  w  tam^woja.  in  the  Upper 
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Triasnc,  was  iiUerrupted,  an<)  an  influx  of  Eiir»)K;an  forms, 
probably  by  way  of  tbc  Sou  lb  Amrrkan  coast,  took  lU 
place,  and  the  Middle  Jura  appears  to  have  retained  the  same 
connections. 

The  line  between  Middle  and  Upper  JuratMJc  is  not  alwa^'S 
drawn  id  the  same  place;  by  some  ^Titers  the  CaUmiaH  is  placed 
In  the  older  and  by  others  in  the  younger  division.  In  accordance 
with  the  arrangement  in  The  tabic,  the  l'p[>cr  Jurassic  is  here  con- 
airiered  as  beginning  wiih  the  C3llo\ian  and  is  marked  by  extensive 
geographical  changes  in  the  southern  and  western  regions  of  the 
continent.  Mexico  was  very  largely  depressed  beneath  the  sea, 
except,  iHDbably,  a  l»elt  along  the  western  ifiast.  The  small  area 
of  marine  Jurassic  which  has  quite  lately  been  found  in  western 
Texas,  is  doubtless  an  outlier  of  this  Mexican  transgression.  In 
the  northwestern  United  States  was  formed  an  extensive  gulf  or 
shallow  tuiy,  which  covered  most  of  Montana,  Wyoming  as  far 
east  as  the  Black  Hills,  and  Utah.  The  beds  n^ach  Ibeir  maxi- 
mum thickness,  1800  feel,  in  the  \Va.satvh  Mountains,  which  is 
reduced  to  800  in  the  Black  liills.  The  s<^mcnts  laid  down  in 
this  hay  are  limesliiTies,  shales,  and  marls,  while  the  prrsente  of 
gypsum  shows  that  suit  lagimns  were  formed  by  Isolation  of  parts  of 
the  bay.  The  fotAils  arc  of  Boreal  types,  like  tho.-ie  of  Alaska  an<l 
Iberia,  and  point  to  an  incursion  from  the  north  or  northwest, 
though  the  oceanic  connections  of  this  Jurassic  bay  have  not  yet 
been  determined,  but  the  diflercnce  Iwlween  this  Boreal  fatina 
and  that  of  California,  which  is  of  central  European  character, 
makes  any  direct  cnmmtinicaticin  lielwecn  the  two  arras  unlikely. 
In  tlie  Upper  Jurassic  of  California,  of  somewhat  later  date  than 
the  interior  bay,  the  land  cwnnecti<in  (wtween  .Alaska  and  Asia 
appears  to  have  been  again  inlerrui>led.  opening  the  way  for  a 
current  of  cooler  water  to  flow  fnim  the  Arctic  down  ihc  American 
coaat  At  all  events,  a  Boreal  fauna,  with  animals  whkh  were 
ihei)  ab^mdanl  in  norlhi-m  Eun>|K'  and  Siberia,  extended  its  ran^ 
through  California  to  southern  Mexico,  thouji^i  \\\c  4\ft<;TT,'Ktr- \^ 
ibc  fcmsiis  siwws  ihat  some  barrier,  howtvei  Xqw  asA  ^\Wwi<^ 
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prevcnlcd  the  walcrs  of  ihc  Atlantic  from  meeting  those  o(  tix 
Pacific.  It  i.s  remarkable  thai  ihc^  norlhem  aiiimal.'i  should  hatv 
extended  their  range  so  much  farther  south  on  the  American 
Ihsti  on  the  Amtic  coast,  but  the  explanation  is  pmhably  to  bt 
found  in  the  cool  current  from  (he  norlh  mentioned  above. 
SimUar  ca»es  are  known  at  llie  present  time,  in  whkh  the  distri- 
bution of  marine  animals  is  conlrollud  by  warnMr  and  colder 
currenu  in  the  ^a. 

The  western  interior  gulf  dici  not  persist  throughout  the  Upper 
Jura&^ic,  but  w^  drained  by  an  elevation  and  was  .succecd<.-d  by 
«  continental  formation,  partly  tluviatile,  |Ktrtly,  it  may  be,  lacus- 
triDe,  the -WcmioM.'  The  beds  have  quite  a  different  dUtribuiii)!) 
from  those  of  the  marine  Jiirawit-  and  extend  down  the  caslctn 
front  of  the  Kocky  Mountains  from  Wyoming  to  Texas  and  New 
>[exico.  with  disconnected  areas,  perhap.s  outliers,  in  (he  Black 
Hills  and  western  Colorado.  The  Morrison  has  yielded  a  re- 
markable fauna  of  Dinosaurs  and  MammaU,  wfaidi  ha%-c  maik 
it  the  object  of  great  interest  to  the  palceontologbt.  Its  exact 
geolo^cal  position  has  been  vigorously  discusaed  and  it  has  been 
referred  now  to  the  uppermost  Jurassic,  again  to  the  lowest 
Cretaceous.  It  has  been  suggested  by  Professor  WtUision  that 
different  areas  of  the  Miirriwn  are  "f  different  dates,  just  as  «c 
saw  that  the  Millstone  (Irit  (Upper  Carboniferous)  of  ilic  Mi*- 
sis<ipi>i  valky  i-s  not  a  single  uniform  I>ed,  but  di^erent  beds  of 
similar  character,  formed  succcsav^ly  and  corresponding  to  mtcf^ 
horizons  in  the  great  maxs  of  the  Ap)>a)achian  Po*tsnllc.  On 
this  %1ew,  which  is  probably  the  solution  of  the  problem,  tlieMnr- 
rUun  int:lu<lejs  se^'eral  distinct  horUon.s,  extending  from  the  UpprT 

'Thi*  ii  the  fomiBlion  calln]  in  Ihf  first  Hitian  o(  ihU  book  ibc  C«mo  atft 
>nd  n[cTT«l  lo  Ihr  ('rrucrau*.  'I'hc  trmi  Coma  muit  t>c  jluiidonRl  in  Ityvmal 
Muirixin.irKTrt  mu  GrW  propnwrd.  "The  qun^n  trhclbn  Ihc MorrinN) famw- 
liom  ii  Juruilc  ot  CrcUCMUs  iiinll  lo  be  >n»WFRrd.andir  ■  midactoiyannra 
ll  tftrt  rMvivnl  il  wilt  'iluiibllri*  tie  from  rrrlelmtli-  (alcuatoltftf."  (SUJilon.) 
Tile  ilriitiitraiibii:  evidence  Iritvn  it  open  nhcihrt  these  bedt  ifaouU  be  caBtd 
Juriuiic  or  Crtlact!»u«  Biul,«i  l!n«  c><\&cT»x  lA  ^noiaiiULlA,  thcf  uc  bcrt  i 
chiedy  in  the  Junuic. 
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Jurassk  imn  ihe  Lower  Cretaceous,  but  the  discrimination  of 
tbcsc  horizons  is  )■«  to  be  made. 

Ill  British  Columbia,  where  the  I^wcr  and  Mi<ldle  Jiir^i.-'sic  arc 
not  known,  the  t*ppcr  Jura  occurs  and  shows  a.  transgression  of 
ilie  Ma  to  (he  eastward  uf  the  Catcade  Mountains.  Here  and 
in  California  the  rocks  are  prevailingly  slates,  with  included 
diaba.'W  tu6^  demonstrating  volcanic  activity. 

I'hc  close  of  the  Jurassic  in  Ni>rtb  America  was  a  time  of  cx- 
leniiw  orugenic  movements  on  the  western  >ide  of  the  continenl, 
comparable  to  the  Appalachiun  revolution  which  closed  the  Pa- 
l:eiizoic  era  on  the  eastern  side,  though  not  dl  such  far-reaching 
extent  and  consequences.  The  Sierra  Nevada  had  lung  hern  a 
slowly  subsiding  gcosyiiclinal  trough,  in  which  great  thicknesses 
of  sediment  had  arrumidatcd.  Al  Ihc  end  of  the  Jursi  it  yielded 
to  the  forces  of  lateral  compression  and  rose  into  a  folded  moun- 
tain elutin,  Iranxfcrring  the  coastline  ffx»m  the  easicrn  to  the 
western  side  of  the  mountains.  Farther  nonh.  Ihc  Klamath 
and  Cascade  mngr-^  probably  ]iani<-ipaied  in  ihe  movement,  as 
did  the  Coast  Range,  which  K^ms  to  haw  become  a  chain  of 
islands.  Little  is  known  regarding  (his  primary  condition  of  the 
Sieira  Nevada,  which  may  then  have  F^ecn  of  no  great  height, 
and  which  was  not  yet  separated  from  the  Great  Basin  by  faults, 
Ihe  pre<«nt  mountains  Ix-ing  due  to  lung  subsequent  events. 
The  Humboldt  Range  in  Nevada  appears  to  have  had  lU  lic^in- 
ning  in  the  same  disluriwinccs,  while  a  widc^iHTa^^  movement 
of  elevation  affected  the  interior,  though  this  movement  began  at 
a  M>mewhal  earlier  dale. 

Foreign.  — The  greater  part  of  Soulh  Amerita  was  above  the 
sea  during  the  Jurassic  period,  as  it  had  been  in  Ihe  Trias.  Marine 
depooits  of  the  former  period  are  found  only  along  the  western 
border  of  the  continent,  where  ihey  extend  from  5"  to  35°  S.  lal. 
Throughout  Ihc  JurasHC  the  sea  which  covered  this  western  coast 
Rtaincd  its  faunal  connection  with  the  (-entral  Eurupean  region, 
and  even  the  minuter  divisions,  the  substi(!,c^  3-^4  iwwc*  <A  'Cfi*^ 
Eurojwan  Jura,  are  applicable  to  tbc  c\a5si&ti\\oft  cA  >S«  ^jWuiOcv 
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American  beds.  The  Borr^  invn^ion,  so  conspicuous  in  CalF- 
fomia  and  Mexico,  did  not  extend  to  South  America,  duubiless 
because  oT  the  wurmer  water  on  thul  ockiki. 

In  Europe  ibc  Jurassic  rocks  ore  msgniiicently  displayed,  but 
they  (lifter  much  both  in  thicknewi  and  in  chancier  ns  they  ate 
traced  from  one  country  to  another,  which  results  fnira  mint 
frequent  and  more  localized  changes  of  le\-el  thau  bad  occurred 
during  the  I'atuxizoic. 

The  Lias  has  a  much  more  re-ilriclcd  extensi<m  than  the  later 
Jurosdc  stages.  At  the  end  of  the  Triassic  had  bc:gun  a  iraiw- 
l^<iUon  of  the  sea  tihe  Rhxiic]  which  f1<HKled  many  of  the  inland 
basins,  and  the  same  trunsgres'>Inn  continued  into  the  Liaj>,  pro- 
ceeding northward  from  the  Mediterranean,  and  covering  larp^ 
areas  in  central  and  southern  Euroiie,  as  well  as  a  belt  across 
England,  but  not  extending  to  Russia.  By  far  the  greater  |>ari  uf 
the  Eurasian  land  inH.-w  was  al>uv-e  the  Kea,  ami  fresh-natcr  lakes 
extended  across  Siberia,  while  in  China  widespread  depoMls  of 
Liaise  coal  were  accumulated. 

Very  early  in  the  Vpiwr  Jura  the  transgression  of  the  ocean 
wa&  renewed,  and  lhi.i  time  on  a  vastly  larger  scale,  cutting  the 
continents  by  seas  and  straits,  invading  great  areas  that  had  long 
been  land,  and  ccn-ering  the  larger  part  of  Europe  atid  Asia. 
This  is  one  of  the  greatest  transgressions  of  the  sea  in  all  recorded 
geological  history,  but  it  did  not  greatly  affed  North  America, 
Central  and  northern  Rg.-wia  were  submergefl  by  an  extension  of  the 
sea  from  the  north,  and  in  this  Russian  sea  was  developed  a  hif^y 
charaiteristii:  fauna.  Strata  distinguished  by  the  Russian  fa 
extend  into  the  northeast  of  England  and  through  Siberia,  Spii 
Ijcigen,  N'ova  Zenihla,  Ab.ika,  the  Blaik  Hills  uf  Suutb  Dakota, 
and  the  uppermost  Jurassic  of  California  and  Mexico,  and  t^vtn 
penetrated  tn  thr  Himalayan  sea.  In  )>eninsular  India  the  Jura 
is  represented  by  the  upi^er  division  of  the  Gondwdna  sysieni, 
which,  a-«  before,  wa.s  laid  down  as  continental  deposits,  con- 
taining much  coal.  The  continental  mass  to  which  India  then 
belonged  was  cut  off  from  Asia  by  a  strait  or  sea  which  covered 
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the  site  »f  the  Himalayas,  and  which  was  connected  with  ibc  Medi- 
terranean orThctyx  by  way  of  I'ersla  und  Asiu  Minor.  The  great 
Junu»ic  iransgre^sion  submerged  con&ider^le  areatt  of  northern 
India,  as  il  also  covcftxl  narrow  iirriLs  along  the  eastern  and  west- 
em  coasts  of  Auslnilia.  Much  of  Madag;a»car  was  under  water, 
bui  the  soiithcrn  portion  is  l>clievc<l  to  have  formed  part  of  the 
narrow  land  which  extended  from  South  Africa  to  India.  Some 
of  eastern  Africa  was  covrrcd  l)y  a  bay  of  the  Indiiin  Ocean,  but 
iiti  marine  Jurassic  has  been  found  in  the  southern  or  western 
portion*  of  that  oincincnt.  In  South  Afni^,  the  u[>])ermcist  |iurt 
of  the  Karroo  system,  like  the  cormponding  portion  of  the  Indian 
CJondw.-ina,  is  Jurassic. 

Climate. — The  very  striking  faunal  diffennces  which  obtain 
between  diilerent  region*  have  led  («rtaiii  oh.-«n'er»,  especially 
the  late  Pn)fcMor  Neumayr  of  Vienna,  to  the  contlusion  that 
climatic  zones  had  already  been  established  in  Jura.-uic  tinic!', — 
Boreal,  central  Kunipcan,  and  Alpine  or  Equatorial  zones,  with 
corresponding  ones  in  the  southern  hemisphere.  Thii  conclu- 
sion as  to  liimaiic  Ijclls  is,  however,  a  very  doubtful  one,  and  is  in 
conflict  with  the  distribution  of  the  several  Kcographical  faunas., 
fur  the  oenlral  Eur<)|>ean  fauna  U  fnund  in  equatorial  Africa,  and 
the  supposed  equatorial  fauna  occurs  in  the  Andes  ao"  of  latitude 
south  of  iLt  pro]>er  boundary.  It  is  much  more  likely  that  some 
of  the  marked  faunal  dilTercnccs  arc  due  to  varying  fades,  depth 
of  water,  character  of  bottom,  etc.,  and  even  more  to  the  partly 
isolated  xca-liasins  and  the  changing  connections  which  were  es- 
ublishcd  between  ihcm.  On  the  other  hand,  the  Boreal  fauna, 
both  in  it.s  re^lriclionN  ami  in  its  migraiiou.'t,  Mrems  detinilely 
to  lead  to  the  conclusion  that  the  Arctic  Sea  wa.s  distinctly  colder 
than  (he  other  ocean.*,  though  there  ix  no  likelihood  that  tlw  dif- 
ference of  temperature  was  nearly  so  great  as  at  preKni,  or  that 
the  Arctic  contained  ice,  e^^n  in  winter.  "The  suggestion  of 
climatic  influence  on  the  dis])crsion  of  marine  animals  in  tbc 
Upper  Jurassic  b  veT>-  strong."    (J.  P.  Smith.) 
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The  life  "f  tlie  Jiiravit-  has  Iwwn  jirtsened  In  worKlcrful  fulncv 
and  variety;  but  with  comparuiivciy  few  cxt-cptiotu,  our  know-' 
kdge  of  it  ha»  been  principally  derived  frum  Europe,  where  a  hwt 
of  eminent  gculo^ts  haxT  long  studied  the  great  wealth  of  nuat- 
rial.  The  contrast  between  North  America  and  Eun>pe  in  regard 
to  the  relative  abundance  of  Jurassic  marine  fossils  Is  seen 
the  fact  that  wliile  in  <ireat  Britain  alone  more  thin  4000 
cics  have  been  descril>e(l.  in  America  hardly  one-tenth  of 
number  h&s  w  far  been  found. 

Plantt.  — The  tlora  of  the  Jurassic  differe  little,  on  the  whi 
from  (hat  of  the  Trias,  and  is  made  up  of  Ferns,  HoTSfla\ 
Cycads,  Coni/rrs,  and  Gingkos.  Tree  ferns  flourished  in  northern 
Europe  in  great  variety.  'Ilic  Cycads  attnin  their  culmination  of 
abundance  and  diversity  in  this  period,  no  less  than  forty  s|<ecio 
oa'urring  in  a  single  horizon  of  the  English  Upper  Jura  and  an 
extinct  order  of  the  Cycadales,  the  Bennetlilca,  flouri.'vbeil  re- 
markably. Tile  Con  if  ere  are  of  somewhnl  niorc^modcm  aspcri 
than  those  of  the  Tria«,  and,  from  their  resemblance  to  ^nera 
which  are  jitill  extant,  have  received  such  names  »i  ThujUes.  Tax- 
iUs,  Cupressilti,  PlttUa,  etc.  The  Araucarian  pines  abounded  in 
EurojM.'.  TheGingkus,  orMaidenhwir Trees,  continued  to  be  repre- 
sented by  liaifra.  ftlonocotyledons  have  been  reported  from  the 
Juras.iit,  but  the  evidence  for  ihcir  existence  is  vct>-  ckiubtfuL 

Fonuninifera  arc  found  in  great  numbers  and  ^-aricty  in  the 
soft  Jura>sii;  <lays,  many  of  them  belonging  to  genen  which  still 
a)}ound  in  the  modern  seas.  It  must  not  be  supposed  that  these 
organisms  first  I>ecame  so  abundant  in  Jura-v^ic  lim6»:  it  i»  nMrely 
(bat  the  conditions  for  the  prescn-ation  of  these  miccoscopk 
exquisite  shells  had  not  been  so  favourable  before. 

Radiohiris.  — The  tieautiful  siliceous  tests  of  (he  RadtolartanT 
arc  also  found  in  multitudes.  In  the  Alps  occur  whole  strata  of 
red  (lints  and  ja^jwr)'  slates,  which  are  composed  almost  enlir(J]r 
of  these  tests. 
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Spooffim.  —  Si>ongGS  arc  found  in  wonderful  profusion  «nil 
diversity  and  in  such  perfect  prescrvaiitm  ihat  c\xry  detail  of  ihcir 
beautiful  ftniaiire  miiy  lie  made  out  vrith  the  micrtMcope.  In 
some  localities  these  spon^  are  heajied  up  in  such  musses  that 
they  (ill  the  strata,  while  other  localities  of  the  same  horizon  are 
entirely  free  from  I  hem. 

ColenlvntB.  — Corals  abound,  especially  in  the  Upper  Junsnc 
of  central  Europe.  The  Antimsoan  Corals  all  lielnnf;  to  the  mod- 
em Hexafomila,  in  decided  contrast  to  the  I'etracoralU  of  the 
Palaeozoic  was.  Isatlnta,  JHonllivauilia,  and  ThtaamUia  arc  tbc 
dominant  f^ncra. 

The  Echinodetmata,  especially  the  Crinoids  and  Sea-urrhiiu, 
uv  i>(  great  imjiiinance.  The  Crinoids  are  vastly  more  abundant 
tbao  they  had  been  in  the  Trias,  and  although  (be  number  ci 
genera  and  wi>eci(tK  is  not  at  all  <-ompaTable  lo  the  grrat  assem- 
blage of  Carboniferous  times,  yet  for  profusion  and  siie  of  indi- 
viduals the  Juras^c  liat  never  l>ecn  surpa^^ed.  Rupecially  char- 
acteristic  arc  the  superb  species  of  Fenlatrinm,  a  do6c  relative  of 
which  still  exisli.  in  Ihe  West  Indian  »ea.s.  Other  common  genera 
arc  Apiornnus  and  Eugeniarrimis.  These  genera  all  belong  lo 
the  Arlkulala,  which  have  a  very  different  type  of  structure  from 
the  P.il:c<i»>ic  forms,  hut,  like  nearly  all  the  latter,  ihey  were  ai- 
itached  to  the  sca-boitom  by  their  long  stems.  In  the  Jurawic 
apiwnr  the  finl  of  the  Articulate  fiwj-swimmingCrinoids,  like  Co- 
puilula,  the  commonest  of  modern  genera.  These  animaU  p<Mue^ 
a  stem  only  in  their  early  stages  of  development;  subftequcntly 
they  become  detached  and  free.  Star-Jishei  and  BritUt  Stars  an 
not  very  common,  but  have  attained  a  completely  modem  slruclare- 

The  Echinoids  have  undergone  a  wonderful  expansion  and 
diversification  by  the  lime  of  the  Middle  Jura-Nsic.  In  the  Lias, 
as  in  the  Trias,  we  find  only  ihc  regular,  radially  symmetrical 
sea-unhin^,  with  mouth  and  anus  at  the  oppOMte  pole^  of  the  shell, 
such  as  Cidaris  (PI.  XiV,  Fig.  i),  but  in  Ihc  Middle  and  Upper 
Jura  appear  the  irregular  Spalangoidi  and  Clyptaslrouis.  In 
these  the  shell   is  bilaterally  symmelricaJ)  ratlwr  Ihao  radially 
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',  the  anu:<.,  and  even  Ihc  moulh,  losing  their  pmlar  positions,  and 
tlie  Hhape  of  the  ambuJacral  arca&  being  greatly  charted.  Thh 
is  another  instxricc  of  the  attainment  of  mwiem  structure  which 
many  of  the  Mcsozoic  Invcrtcbratei  display. 

Anhropoda.  — The  CmU'irea  are  mil  found  in  very  many  locali- 
tk^k  but  places  like  the  famous  liiiioKraphic  lime^iiine>  of  Solen- 
hofcn  in  Bavaria,  where  the  iiindi lions  of  preservation  were 
favourable,  show  that  this  group  was  very  abundant  and  far  ad- 
vanced ill  (he  Juravic  seas.  The  lon^iailed  (macmrous)  Deca- 
pods (of  which  the  lobster  is  a  familiar  example)  are  in  the  as- 
cendant and  arc  r«;[>^c^ented  by  many  genera,  several  ot  which 
still  exist.  ThcCrabs,  orshort-lailcd  Decapods,  which  arc  now  so 
very  common,  m^kr  their  first  known  appearance  in  the  Jurassic, 
but  they  were  still  rare,  ind  connecting  links  between  the  long- 
tail«]  and  shori-tailcd  Mriea  were  more  abundant.  Iiofiods  and 
Slomalopttds  also  abounded. 

The  Xipkasura  are  reduced  lo  the  single  genu*  Limulus,  which 
then  occurred  in  the  European  seas,  while  the  living  horseshoe 
crabs  of  that  genus  are  found  only  on  the  cast  coa&t  of  the  United 
Slates  and  in  the  Molucca  U[and.«. 

tnsKts  are  found  in  multitudes  in  certain  localities,  and  display 
a  great  advance  in  the  number  of  typc»  ovtT  any  of  the  Pahenuiic 
periods.  TbcOrihopters  and  Ncuroptcrs  which  we  found  in  the 
Palxozoic  are  enriched  by  many  new  fomu,  nu<'h  as  gra.'ijJMp- 
pcrs,  while  Ijcetlcs  {Coleo^fra)  become  very  abundant.  The  Hy- 
menopten  (ants,  bees,  wasps,  etc.)  and  the  Diptcrs  (flics)  date 
from  the  Jurassic,  and  I^cindopters  (butterflies)  have  also  hern 
reported,  though  doubtfully.  As  Ihe  latter  insects  are  dependent 
upon  a  flowering  iTgctalion,  dclinitc  priiof  of  their  present  in  ibe 
ura  will  establish  the  existence  of  the  Angiospcrros  at  that  time. 

Brachiopoda.  — The*«  shells  are  Kiill  common  in  the  Jura,  but 
they  arv  simply  a  profusion  of  individuals  belonging  to  a  few 
genera,  most  of  which  peniisi  in  our  recent  «as;  compared  ewn 
with  the  Trias,  Jurassic  brachiopods  ar«  much  diminishtil.    Tere- 

atuloids  like   AiUinamta   (XIV,  3),  Waidkeimu,  and  Rhyn- 
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cheneBa  arc  much  ilie  mini  imponaiit  genera,  and  (be  last  sing- 
glcis  of  the  long-lived  <  Palaeozoic  Spiriffrina  are  here  found. 

Hollusca.  —The  Bivalves,  which  had  already  become  such  im- 
portam  elcmciiis  of  the  Tmssic  fauna,  greatly  increase  in  the  Juru, 
thi-ir  »hell.s  furming  ^jreai  banks  and  strata.  Many  of  the  grnera 
arc  Aiill  living,  and  only  a  few  of  the  more  abundant  ones  can  be 
meniiiincd  liere.  Oyster*  like  CryjMttni  {XIV,  13),  Exogyra,  anil 
Oslre-j  itself  (XIV.  14)  arc  common,  and  the  Scallop  shell,  Camp- 
tomxUs  (XIV,  10).  is  imporlanl.     Trij-onia  (Fir.  188  and  H.  XIV, 
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Vig.  8)  is  es)>ecially  characierk^tic  of  the  Jura,  but  a  few  rcpn- 
scntatit'es  of  that  genus  have  persisted  to  the  present  time  and 
arc  founil  in  the  AuMruliaii  ^ea-t.  Durras  and  Phaladomy* 
(XIV,  9)  arc  likewise  common  genera,  and  there  are  very  many 
uihert.  Amon^  the  Gaitropoda  the  roost  9ii);nitlcant  chaiiftt-  lies 
in  the  importance  whicli  the  siphon-moulhed  shells  now  (or  iht 
first  time  assume;  example*  of  this  f^roup  are  NcrtHfa  (XI\',  17), 
Ataria,   Purpurina,  etc.    Of  the  lihells  with  entire  mouths  the 
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andent  PaUcozoic  genus  Pteurotomaria  (XIV,  16)  is  as  abundant 
as  ever,  not  !>eginiiii)((  to  decline  until  ihe  C'relaceous  period. 

'I'hc  Cephaiopods  arc  ai  the  very  lieight  of  ibtrJr  nilminatian, 
aiid  an;  present  in  aii  a-slitui^hing  pruCuMun  and  diver^ily,  filling 
whole  strata  witli  ihcir  licn[>cd'Up  shtlU.  1'he  Natitiloids  dilTer 
from  tlwwe  of  ihe  Trla-i  in  llieir  smoother  and  more  involute  shells. 
The  Ammonoids  do  not  dit.j)lay  so  many  ty|)cs  of  shell  struclure 
as  we  have  found  in  the  Trias,  and  the  ^oera  arc  mostly  di^ereni 
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from  those  of  the  luller  period;  btit  in  number  of  distinct  species 
the  Jura  much  surpasses  the  other  Mcsoroic  periods.  Phyllo<eras 
and  Lylorcras  (XIV,  t<))  conlinue  on  fn>m  the  Trias,  but  the 
most  abundant,  charaelcrislic,  and  widely  spread  genera  arc  new. 
Of  tlK-^x;  may  l)c  mentioned:  Ptltwrrit  (Xl\',  18)  Arifliles, 
jBgotens,  liarpofercis,  SU^anorerai,  Peris pkinclites,  and  many 
utbers,ea«:fa  with  tai^  numlMTs  of  sitectcii.  Cn(vrn»(XIV,  30)  is 
an  uncoiled  ammonoid.   The  Bdemnila  (Fig.  389),  which  were  in- 
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trodund  in  a  small  wajr  in  tfae  Trias,  in  the  Jurassic  blossom  out 
into  an  {ncredibk  number  of  forms,  fixceeding  even  the  Aminonito 
in  abundancr  of  individuals,  if  not  of  species.  I'hc^^e  cxtiaci  Cc- 
plialopudft  belon^d  to  the  Dibmtuhiata,  as  do  a\\  Ibe  living  (om» 
except  tl)c  Pearly  Nautilus;  they  in  some  measure  scn'c  to  cooned 
the  extinct  genera  having  external  shells  with  the  cxisiittg  naked 
squids  and  cullle-fi^hcs,  which  have  nnly  rudimentary  internal 
shells,  the  pen  or  cuttle-bone.    The  BtiemmUs  bttvx  a  straq^, 


^^^  or 
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conirul,  chamlKTcd  shell,  called  the  ^trugmocone,  which  ends  above 
in  a  broad,  thin  plate.  The  phragmoconc  was  partly  external 
tu  the  animal,  and  it»  loner,  puitited  end  wa.s  in:wrted  into  a  dart 
or  club-shaped  body  eailed  the  guardot  rostrum  which  is  composed 
of  denxe,  Itbrou^,  e^y^talline  catdte.  Csually  only  the  guard 
is  prcsen-ed  in  the  fossil  state,  and  specimens  arc  so  common  that 
they  have  attracted  popular  interej-t  and  bear  the  fi^kname  of 
"thunderbolts."  In  a  few  instances  the  animal  has  been  pre- 
served almost  entire,  so  that  the  structure  is  well  underMood. 

Vertebmta. — The  FUhts  have  advanced  much  Ix-yond  lb«e 
of  the  Trias.  The  Sharlcs  have  attained  j)ra(tically  their  modem 
condition,  and  the  broad,  ftatlcned  Rap  are  a  new  type  of  tlie 
order.    The  Chimaroids  'wwt  TOwitt  w««%  'K^snttous  and  rrfi- 


tively  [mporlani  than  they  arc  at  present,  when  <mly  a  few  are 
left.  The  Diptioitns  haii  become  very  scarce  and  arc  hardly  rci>- 
resented  in  the  northern  hembpberc,  save  for  the  penblence  nf 
Ctralodui.  The  CrxMsopteTygiaiis  were  greatly  reduced,  though  a 
few  eKccc<lingly  curious  forms,  like  UiuHna,  still  linger.    Of  ihc 


Flo.  tft.  —  ^iftJartymtAju  ttiSrntru  Ag.    (Smith  Woodward) 

Teleoelome  fishc<^  the  Ganoids  \txrc  still  the  dominani  type,  as  they 
had  lieen  Aince  the  Devonian.  Sume  of  these  Jurassic  forms  are 
evidently  the  forerunners  of  the  Sturgeons,  but  most  of  them  re- 
semble the  Gar-piVe  of  our  Western  rivers  {Lepidosleus),  and  are 
covered  with  a  heavy  armour  of  thick,  shining,  rhomboida]  .-tcales. 


FlC  aga.  —  Ifyftntrmai  itu4iya  Wicnnr.    (Smilh  Woodnid) 

Many  of  these  Ganoids  are  of  small  or  moderate  sue,  such  as 
Daftdiui  (Fig.  ttio)  and  Aspidorhynekus  (Fig.  >9i),  while  others, 
like  the  superb  Upidotta,  wcfe  very  large,  evidently  ilit  kings  of 
their  race.  Some  of  the  Jurasac  fishes  approximate  the  Tcleosts 
so  closely  that  it  seems  arbitraiy  to  call  them  Ganoids.  Catunu, 
Lep«ileph,  U ypioiormut  (Fig.  39a),  and  .UrgnluTUs  at^  wv-a^ 
like  what  the  anceslnt  7eIeost3  must  have  bcct\. 
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No  Amfikihia  are  rerlainly  known  from  the  Jurassic. 

The  Repiiics  bavr  sitaincd  a  higher  and  hkht;  diversified  plsni 
of  <rxisH:n<T  than  in  ihe  Tria.*.  Morf  of  the  Triassir  gmcrk  and 
several  entire  orders  have  become  extinct,  but  new  and  more  ad- 
vanced forms  come  En  U>  lake  their  places.  The  HhymH&ufika- 
liani  abound  and  give  rise  to  many  diversified  types  of  terrestrial, 
semi-aiiiintic  and  fully  atjuatic  repiiie.-',  and  the  first  of  ibe  true 
Litards  {LofrrlHia)  appear.  Turtles  have  grown  much  more  nu- 
men)ii«  ihan  in  theTriiis  and  have  dLttributed  (h<:m^lvcs  over 
the  world.  The  Idilhyosauria  arc  a  highly  char.icieristii-  Juras»e 
group;  (or  though  they  are  found  in  both  theTriax  and  tbc  Cre- 
taceous, the  Jura,  and  especially  the  Lia?,  is  the  time  n(  Iheii 
principal  exiiaii>iun.  Certain  liH:alilie>  in  (he  Lta$  r>f  Engtaod 
and  Germany  haw  yielded  an  incredible  number  of  skfteiou, 
and  some  of  the  specimens  have  preserved  the  Impressions  of 
the  outline  of  the  body  and  limbs,  fihowing  recognizably  ihe  nature 
of  the  skin.  These  reptiles  were  entirely  marine  in  their  habits 
and  preyed  iiptm  lisbes,  and  their  limbs  were  convened  into 
su'imming  paddles;  there  is  a  dorsal  fin  and  a  large  tuil-fm,  the 
principal  organ  of  propubian  (see  Fig.  393).  The  muule  b 
drawn  out  into  an  elongate  slender  snout,  armed  with  numerotu. 
sharp  teeth,  whtih  were  xel  in  a  eonlinuou:'  groove,  not  in  »«|>a' 
rate  sockets.  The  eye  is  very  large  and  protected  by  a  number  irf 
bony  plates,  ivhli  h  art-  oflen  preserved  in  the  (nwil  state.  The 
neck  is  very  short  and  hardly  dlsiinguLsbcd  from  the  |>orpM.'c- 
likc  liiidy.  The  skin  wa^  ^ni<M)ih,  having  neiilM-r  homy  scaie^ 
nor  bony  scutes,  which  was  of  advantage  in  lessening  tlic  frktion 
of  ihr  water.  In  length,  ihe*e  reptiles  wimeitmes  exceeded  aj 
feet,  and  in  appearance  they  must  havx  been  vcty  like  the  modere 
))or[(oi.«es  and  dolphins,  but  Ihe  re»mblance  i.<i  entirely  superfiiial. 
for  porpoises  and  dolphins  arc  warm-blooded  MammaU.  Bap^ 
kt$todon,  found  in  Wyoming,  is  an  fchlhyosaur  without  icdb  and 
must  have  fed  upon  &mill  and  soft  marine  in  vertebra  ten,  a*  do 
Ibe  toothlew  wbale*. 

Another  gtouv  (A  ciimswcwa  TOarmfc  !«?««» '■«.  vVn*.  of  iIk 
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nanrmi  fruiriuisiit  Qiivtot.,  iJav      Hnjowiwrn  X^  tL,  V.. 
fb»  aiirttitm  oJ  Prot  H.  F.  0*boni.    VCoffT^**.  Km«*«a* 
i/NtlWMl  Uhlorj,  N.V.) 


BtpET  uMn  in 
tftt  IdMhTOMHS  sad  [vobabfy  bvl 
mnf*  In  du  villi  Inccimotiap;  ihe 
ikefetM  of  the  podiSe  dcporU 
mocb  kM  wUeJjr  from  ihe  structure 
of  k  Icrmtrial  iTplile'&  foot  than 
don  Uial  of  an  Icblbycsaur.  WUh 
rhdr  Vmf,  necks,  the  FlesiosaQrs 
cuuld  He  moijonlGfi  for  below  the 
DUrfocc,  occMiorudl]^  rabing  their 
heiulk  almve  the  walcr  to  breathe, 
or  darling  tlwm  lo  Uk  bol 
after  iheir  prey,  which  coi 
I  hictly  of  lish.  The  Jursuisic  s| 
vA  PUxiosdunu  do  not  much 
«  length  iif  3o  feet,  bul  Ptiosaunu 
fi  llic  same  group  was  gigantic 
single  )>nitillc  sometimes  rtxof 
injt  6  kt-t  in  length;  the  rcpi 
Af  tlw  latter  ^nai  had,  boweva, 
prM|xtrtioiimdy  lir^  beads  aad 
siKwrer  uedis. 

tW  w**  *n«1  rt^TW  of  Jur»sMc  lime*  were  s«^rmin|E  with  Cwrw- 
Jp.  'Ml.  rrfMAMrai  hetni;  tte 

W  ^.  ii-rr^nnce  ibttv  Rflflcx  nock  le- 

arnVM  tW  i».iklMi\  tU>ia)  v<(  ItxtU  aad  iMri  • 

f  »W*»V*  »«v>«V   W  Vc«>e^^■««a*•«^■•iJi«A■•  the 


Tiind,  nnd  these  animals  were  doubtlenof  more  cxrIiiMv-rlj-  aqualic 
habiu  ilian  Ihe  crocodiles  and  atligatorsof  ihc  prtscnl  day.  One 
suborder  of  I  he  Crocodiles,  the  ThalaUosurhia,  was  alnioM  entirely 
marine  in  habits,  the  skin  being  smooth  and  without  scales  and  the 
fore  limlH  convened  into  (utddlcit,  while  the  very  long  tail  ended 
in  a  large  fin.  lo  the  Jurassic  of  South  Africa  has  been  found  the 
other  cstrcme  of  crocodilian  devciopment,  a  Hltle  rejitilc  which 
was  terrestrial  and  had  long,  running  legs. 


RcMOntlon  br  C.  R.  Kniifhl  undn  ihc  dirrclitin   ol    Prof.  H.    F.   OtborB- 
(Copftictii.AmertcuiIiluieuin  of  I^uunl  Hisloty,  N.Y.) 


k 


The  [>inosituria  IxcAine  much  larger,  more  numerous  and 
diversified  than  they  had  been  in  the  Trias  though,  as  the  foot- 
prints in  the  Newark  sandstone*  leach  us,  only  a  small  fraction  of 
ibeTriassic  Dinosaurs  has  }Tt  been  recovered.  Making  :dl  due 
allowaiMTe  for  this,  it  seem.*,  iieverthele.«,  to  be  true  that  the  group 
had  made  notable  }m>grcss  in  the  Jurassic.  The  known  American 
Jurauic  Dinosaurs  arc  from  tiie  ^tor^ison,  and  so  some  of  those 
mentioned  Ijclow  may  be  Cretaceous.  The  giouv  *J^  Ovwoftaaxsa. 
is  a  pcatijr  varied  one,  comprising  tcptiVes  oi  ■v^Tj  ^oR^titv^ 
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uze,  appeantnre,  ttnicture,  and  habits  of  life.  Some  were  hea\7, 
^w-moving  quadrupeds,  having  fore  and  bind  lefts  of  nol  very 
unequxi  Icngtii,  wilh  luiof-tikc  I<>«^^,  :iiid  usually  with  very  smaD 
beads.  Dinosaurs  of  this  ly\K  were  mostly  plant-feeders  and  had 
rows  of  grindtni^  teclh  adapted  for  such  a  dieL  Brtmtosatmu:, 
frum  the  Morrison,  is  an  example  of  ihis  kind  of  Dinosaur,  wliicb 
attained  a  length  of  60  feet,  and  Diphdocxts  was  a  not  vcrj-  dissimi- 
lar and  evta  larger  reptile.    Sttgosaunu  was  another  bcrbivorvus 


reptile,  but  with  such  sh<ai  fore  legs 
that  the  gait  mti<t  haw  beicn  bipedal, 
m  eUe  the  back  must  hare  been  arched 
upw.iril  vfty  ^tt^on;u;Iy  to  the  bind  quarters- 
Tiiis  animal,  and  its  Huropcan  allies,  ScHi- 
dosaitrus  and  Omotaunis,  were  provided 
vrjtb  3D  armour  ol  liony  plates  and  spines 
ciiveriiig  the  back  and  tail.  Ccralosatina, 
AUosaumi  (Fig.  395),  and  the  very»mitar 
European  genus,  Megalosaurus,  on  the 
oilier  hand,  were  gigantic  canii«)r(«iB  Dino- 
saurs, having  terrible,  sharp  pointed  teeth, 
while  the  toes  were  armed  with  sharp, 
curved  daws.  These  creatures  walked 
upon  their  e1(ingated  hind  leg^  and  were  the 
most  formidable  beasts  of  prey  thai 
scourged  the  Jura.«sic  tand^.  Nol  all  of  the  Jura.<i.sk  Dinoeaur« 
•mn  gigantic;  very  small  ones  also  ranged  through  the  forests, 
or  may  even  have  been  arbureal  in  their  liabits.  Compsogna- 
thus,  for  example,  was  a  bijicdal,  carnivorous  Dinosaur  hardly 
larger  than  a  hou<«  cat. 

Another  very  remarkable  order  of  reptiles,  the  Plrrosauria,  the 
curliest  knovm  appearance  of  which  is  in  the  Khjctic,  betanu 
important  and  charucteristic  in  the  Jurassic  (Fig.  396).    These 


Fic.  «9&.~  Reiloiratlon 
of  PMtoMUrlan,  ^4ain- 
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aiumal&  weic  pixn-idcd  wilh  wings,  and  were  irut  flien,  thu$ 
realizing  the  old  myth  of  flying  dragons.  Tlic  iicad  is  retatively 
large,  bul  vcr)-  lighily  i-t)n^irucii'd,  and  aei  al  right  argles  wrilli  the 
neck,  as  in  birds.  In  Ihe  jiiraMic  species,  ihc  jaws  arc  more  or 
kss  completely  armed  with  teeth,  which  by  their  form  sJiow  the 
camivorouit  propcnyiics  of  the  animal.  The  joints  of  the  external 
or  lillie  finger  i>l  the  hand  are  much  ihii  kc-ned  and  elongated,  this 
finger  being  longer  than  the  body  and  legs  logclhcr.  A  membrane, 
or  fatagwm,  wa.s  :<trei(-hetl  lietwccn  the  eltmgate  finger  un  one 
side,  and  the  body  and  leg  on  the  otiier,  thus  forming  the  wing, 
which  rather  resembled  tlie  wing  nf  the  bal  than  thai  of  a  bird, 
though  differing  from  the  former  in  being  supported  by  one  finger 
iiutcad  of  four.  A  few  except iiin.-illy  well'i>re.H-r%'rd  s|>e(*iincns 
found  in  the  Solenhofen  limestones  have  retained  the  clearly- 
marked  impre-tsionn  of  ihuM  wing  membranes.  The  legs,  Uke 
ibosc  of  bats,  were  small  and  weak,  and  the  tail  was  very  short 
in  iUimc  s|)ccjcs,  vcrj'  long  in  others.  Some,  iit  leasi,  ii(  the  latter 
had  a  membranous,  oarlike  expansion  at  the  lip  of  the  tail.  ITiat 
the  Plennaun  had  the  ]tower  >>f  true  (light,  and  <Ji<l  not  merely 
lake  great  leaps  like  the  flying  squirrels,  is  shown  by  the  hollow, 
pneumatic  bones  (like  those  of  binLs),  and  by  Ihe  keel  on  the  lirea^- 
bonc  for  (he  attachment  of  the  great  muscles  of  flight.  This  keel 
is  found  in  both  birdt  and  bats.  The  ^in  was  naked,  having 
neither  scales  nor  feathers.  The  Jurassic  Pterosaurs  were  small, 
the  spread  of  w'lnp.  not  esceoling  three  fed. 

Hints. — One  of  the  moM  remarkable  advances  which  Juras- 
itk  life  ha.s  to  show  con.-ost>  in  the  first  appearance  ol  the  birds. 
As  yet,  only  a  single  kiiul  of  Jurassic  bird  has  l>cen  found,  and  that 
in  the  Solenhofen  limestones.  This,  the  moil  ancient  known  bird, 
is  called  Arrhaopttryx  (l-'ig.  297),  and  has  many  points  of  resem- 
blance to  the  reptiles,  and  many  characters  which  recur  only  in 
the  eml>ryi«  of  mmlcm  birds.  The  peculiarities  which  strike  one 
at  the  tirst  glance  are  (he  head  and  tail;  tiiere  was  no  horny  beak, 
but  the  jaws  are  wt  wilb^iritnv'tf-ICHtttj^h,  while  the  tail  is  very 
long,  composed  of^^E^^t^'  verteDrafj^^^^tb  a  pair  of  quill- 
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feathers  uitached  lo  eoich  jiiinl.  The  wing  is  constructed  on  the 
same  plan  as  that  o(  a  modem  bird,  but  is  decidedly  more  primitive. 
The  four  fmgen  are  all  free  (in  rei'«nt  binU  tvfo  u(  (he  three  fingcra 
are  fused  logelher);  they  have  the  same  number  of  joints  as  in  the 
lizards,  and  are  all  provided  withclaw^  The  plumaj^  is  thoroughly 
bird-like  in  character,  but  is  peculiar  in  the  presence  of  quill-fcai  hen 
on  Ihc  k^n,  and  apparently  alMk  in  the  ab^^nce  of  contour  feathers 
from  the  heud,  neck,  and  much  of  the  body,  leaving  ih<>i«  [uri'' 
naked.  This  very  e.xtraurdinary  urcature  Wiw,  then,  a  true  bird, 
but  had  retained  many  features  of  its  reptilian  ancestry,  ami  shows 

UN  Ihai  ihiKrV  ancestors  iavt 
still  to  be  sought  in  the  Tria.* 
or  even  the  Permian, 

Mammalia.  —The  mam 
mals  iif  tile  Jurassic  arc  still 
very  rare  and  imperfectly 
known,  and  ha\x  been  found 
in  only  a  few  places.  How 
many  mammalian  genera 
should  be  referred  to  the 
Jura.t»ic  will  depend  upon 
where  tbo  somewhat  arbi- 
trary line  is  drawn,  which 
separates  that  system  from 
the  Cretaceous. 

The  MuUitubertulola  are 
regarded  a.s  )>elonging  to  the 
most  primitive  kind  of  Mam- 
mals the  Monotremtila,  at  present  represetited  only  by  the  duck- 
billed Mole  (.OrtfUhorhytKhus)  and  Spiny  Anl-Kater  (Echidmi)  of 
Australia,  animaht  which,  though  warmblooded  and  sucklinj; 
Ihcir  j'oung,  reproduce  by  laying  an  egg.  Of  the  Multituber- 
cuJaics  the  most  prominent  /uras>ic  repre-wntatii-e*  arc  the  Eng-^ 
lish  gienus  FlagMulax,  from  the  Purbcck,  and  the  Americ 
CletMa>don  and   AUodon,  from  the  Morrbon   uf   Wy 


FtOi.  W7.  — KwWration  of  ArtitBpUry* 
/ilA^cfAua  V.  Meyer.    |AnJt»«l 
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minf{.  In  another  group,  which  miiy  be  idatecl  to  the  Marsu- 
i)i:ils.  the'  [ft-ih  ;ire  sim|)ler  and  more  numerous;  examples  of  tliU 
l^oup  arc  the  Purbcckian  gcncru,  Styhdon,  und  TrirotMtUm,  and 
live  Morrison  ^iiera,  DryolcsUx  and  Dkro(yHedon.  Thu*,  at  the 
very  end  of  the  Jura^k,  the  mammals  arc  still  tiny,  insjgnificjint 
cTcatum,  which  play  but  a  very  subordinate  r&Ie  in  the  luxuriant 
terrestrial  Wit  of  the  period. 


' 


CHAPTER    XXXIV 
THE   CRETACEOUS   PERIOD 

Thf.  name  CrWucwKiUdtriveii  from  the  l.atiii  word  for  ctutlk 
(Orfa),  because  in  England,  where  ihc  name  was  early  used,  tbt 
thii-k  miudei  of  chalk  arc  the  mu-vt  ron»|>icuous  mcmtMrrs  of  ibc 
system.  Though  first  mude  known  in  England,  the  main  sub- 
dln»l<>n»  of  the  Cretaceous,  ai  eniplnyed  in  (^olof^al  literature, 
bear  French  names,  which  have  proved  themselves  better  adapted 
lo  j(eneral  uhc. 

In  very  marked  contrast  to  the  scanty  dcvclopnKnt  of  ibc  Jtm, 
the  Cretaceous  strata  of  North  America  are  displayed  on  «  vast 
Kale,  and  cover  enormous  arras  of  the  continent,  eloqueat  wit; 
nettscs  of  the  great  geographical  changes  iii  that  long  period. 
Continental,  estuarlne,  and  marine  rocks  are  all  well  rrprcscntcd. 
and,  in  consequence,  our  information  regarding  the  life  of  North 
Amcricik  and  its'  Mas  during  Cretaceous  times  ti  incomparably 
more  complete  than  it  is  for  the  Triassic  and  Jurassic. 

The  Cn-lareous  rocks  of  North  America  are  of  vtry  different 
character  in  the  difTcrcnt  parts  of  Ihc  con^nent,  and  require  sq^ 
arate  ciawification. 

DlSTBIBimoK  OF    CRETACEOtre   RoCKS 

American.  —  At  the  opening  of  the  Cretaceous,  the  Atlantic 
coast  of  Niirth  America  apirears  to  have  been  f;irther  to  the  east- 
wan!  than  it  is  at  present ;  but  just  as  had  happened  in  the  Triassic 
period,  a  long,  narrow  deiiression  wai  formed,  running  roughly 
parallel  with  the  roast,  and  in  this  depression  for  a  long  period  i^ 
\fiiaK,  sedimcDtB  in  the  form  of  gravels,  un<b,  and  cUys  were  ik- 

!«. 
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I.  — Map  of  Norlh  Amnrini  in  lh>  Crelaccou*  pertod.  Black  M«as  — 
npoiiins:  white  ■•land;  dotted  areas  ■<  conlinentul  (oniMtlaiu; 
I  arm  ••  ita.     Veitical  Unci  IndUaK  Lowtr,  ind  horiiontal  linn  Upp*t 
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poMtcd.  This  is  the  I'ototmu  scries,  which  ts  divisible  iolo  Mveral 
stages.  The«  are  uiitonformilies  witliin  ihe  scrie»,  which  con- 
tains driftwood,  some  lignite,  and  iron  ore.  The  beds  are  of  coo- 
lineiiCit  origin  and  proiiiilily  liiiTcrtf  I  t<>cally  in  tlwir  circumslaoos 
of  deposition,  flood-plain,  delta,  aud  marsh,  being  apiiarcotty  kQ 
represented.  The  Potomac  ha^i  ticen  traced  ihmugh  the  ialandsof 
Martha'^  Vineyard, Nantucket,  Block  Island,  Long  IsJand,  Stalen 
Island,  scTOss  New  Jersey,  and  thence  southward  (o  Georgia, 
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where  it  turns  northwestward,  following  the  Misstsslpiii  enibay> 
mcnt  into  Tenncsisce,  and  fmm  ihcrf  turning  south wtMirrard 
through  Arkansas.  In  the  northern  pari  of  this  regicm.  (rom  Nun- 
tucket  li>  the  Delaware  River,  only  the  upper  part  of  Ihe  Potocitac 
has  been  found,  and  the  same  appears  to  be  true  of  the  Tuscal«n4, 
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as  th«  extension  around  ihcMiwissippi  cnibaymcnt  iscalled.  The 
Polomat  is  nowhere  marine,  iind  cver)w)i(Te  rests  unconfnriwibly 
upon  ihe  underlying  I'riassic  and  older  rucks.  As  the  thickness 
o(  tedimeni  i^  nui  j^rvai  (not  excetdin;^  Aoo  (e«t),  the  f>rtK'es.s  ot 
dcpoUtion  rausi  have  been  very  slow,  or  broken  by  long  inlcrrup- 
tiotis  with  iniervalH  of  erosion. 

While  nlong  the  Ailunlic  border  the  land  was  more  extended 
than  at  present,  in  the  southern  pan  of  the  continent  a  dtfTerenI 
order  oi  events  was  brvuighl  almui.  Nearly  (he  whole  of  Mexico 
had  been  submcrfied  by  the  i^reat  Up|x^r  JurasMc  iranst^re^ion, 
and  in  the  Lowtr  Crelatetius  the  sea  extended  over  Texas  and  New 
Mexicx>  into  Ariiona,  and  gradually  expanded  northward  in  the 
successive  stages  of  the  Comanche  epixh,  or  flower  Crctac-eous. 
At  the  base  of  the  Lower  Cretaceous  Mrata  in  Texas  is  found  a 
de[Kisit  of  continental  sands  'he  Trinity  stage,  which  is  the  recog- 
nized equivalent  of  the  basal  Potomac.  The  advancing  sea  cov- 
ered these  sitnd?^,  ai]d  the  ciitiitiiucd  deprevMon  ><>(in  esiahliiihed  a 
clear  and  quite  deep  va,  in  »  hich  were  formed  the  great  masses  of 
the  Comamke  limestones,  that  are  the  ^urfaoc  rucks  of  large  arct-i 
in  Mexico,  and  cmcr  much  of  Texns.  The  Ouachita  Mountains 
of  Arkansas  stood  out  as  a  promontory  in  the  Lower  Cretaceous 
sea, and  the  ancient  shoreline  has  been  traced  around  Iheir  loot. 
Over  a  great  i>art  of  Texas  the  Comanche  limestones  are  soft,  and 
bcd»of  clvalk  occur  among  them;  while  in  Mexico,  where  they  have 
been  folded  injo  mountain  ranges,  ihcy  have  become  much  harder 
and  man  coitipact.  Tlie  thickness  uf  ihc  llmrttones  increases 
soulhwaid;  from  looo  feet  in  northern  central  Texas,  it  rises  to 
5000  feet  on  the  Rio  Grande,  and  oti  the  Mexican  plateau  to  an 
even  greater  amount.  No  less  than  six  distinct,  succ*ssi«  marine 
f«una:i  are  found  in  the  Comanche  limeslonet  of  Texas,  and  the 
fauna!  relationships  of  thb  region  are  closest  with  the  Mediterra- 
nean province  of  Europe,  and  e:specially  with  the  Lower  Cretaceous 
of  Portugal.  The  greatest  expansion  oi  the  Comanche  sea  north- 
ward took  place  in  the  last  of  \\s  stages,  the  Waihtfa,  when  Okla- 
homa, southern  Kansas,  and  eastern  Colorado  were  co^'cnrd  by  it. 
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JuRt  bow  far  aonh  this  sea  mcbcd  tus  not  jvt  been  cktenniotd, 
but  Ihcre  b  reason  to  Ihink  (tui  it  extended  into  ctnlnl  Wjocning. 
Thiii  Lower  Creuceou^  marine  invasioD  of  the  nonbcTD  interior 
\isted  but  a  relatively  short  time,  and,  until  ()uite  trtcmly,  its  this 
depcniu  had  exaped  detection. 

In  the  northern  tnleriorrv^on  ihc  I*owrr  Cretacemi*  beds,  ex- 
ce|>i  tb<Me  of  (lie  Washita,  are  of  coniinenial  origin,  and  it  i>  ttut 
practicable  to  corrcLalc  those  oi  diflnvnt  areas  where  tlie  strati' 
graphic  connectfons  cannot  be  traced.  Part  ol  the  Morrison  b 
probably  Lower  Crclai-eous,  though  we  cannot  yet  say  how  much 
of  it,  nor  what  particular  areas.  Another  non-marine  fonnaiian 
found  east  of  Ihc  Gold  Range  of  British  Columbia,  exicnding 
southward  into  Montana,  i^  the  KootanU  stage,  the  plant  rcmaio^ 
of  whkh  rorretale  it  with  tlte  lower  Potomac,  and  it  certainly  b 
col  the  oldest  Cretaceous,  for  in  Britbb  Columbia  tl  has  been  found 
lying  unconformably  upon  marine  Lou'er  Cretaceous.  In  pan, 
the  Kootanie  was  formed  in  Iriicis  of  low-lying,  swampy  bnds,  on 
which  a  luxuriant  ve}^tation  produced  valuable  deposits  of  coal. 
Lower  Cretaceous  bcd$  have  tieen  found  surrounding  the  BUci 
Hills  where  they  have  been  divided  into  the  Lakots  and  Fum« 
stages,  of  continental  origin,  with  abundant  remainxof  land  plants. 

Along  tbc  Pacific  coast  Lower  Cretaceous  rocks  arc  di^ilaytd 
on  a  great  Mrale.  TtieOrcal  Basiti  land  then  extended  fn>m  south- 
em  Nevada  to  54"  N.  lal.  in  British  Columbia,  with  the  Sierra 
Nevada  rising  along  part  of  lis  wexlcrn  border,  to  which  the  Pacific 
extended.  North  of  the  Gold  Range  in  British  Columbia,  the 
ocean  »pread  ea.Ntward,  though  no  doubt  broken  by  many  island^ 
to  the  eastern  base  of  the  Rocky  Mountains.  The  Coast  Range  of 
California  formed  a  chain  of  islands  and  reefs.  In  the  Sieffx 
Nevada  occtirs  an  unconformity  between  itic  I^wer Cretaceous  and 
the  uppermost  Jurassic,  but  it  docs  not  imply  the  lapse  of  a  vtrj 
long  ]>crioiI  ol  time. 

The  older  division  of  the  Californian  Lower  Cretaceous  U  called 
the  KtioxvUle,  and  has  an  eslimalcd  maximum  thickness  of  *o.ooo 
laid  down  upon  a  slowly  sub»diog  sea-bottom.    This  enor 
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mous  thickne3.<^  h  no  doubi  clue  to  an  exircmely  rapid  (jepo^ilioii 
of  Ihe  dfljris  ubutiJanlty  *upp!icii  (rora  xhc  w;Wc  of  llic  newly 
upheaved  Sierras.  Al  the  end  of  the  Knoxxille  age,  ihc  subsidence 
became  more  rapid  and  (he  scu  began  lo  cTKroHch  upon  ihe  land, 
for  llic  llorsdou'n  Ixrd*,  wbkh  have  a  lhickne«  vi  6000  feet,  owi 
lap  the  Knoxvillc  shoreward  and  extend  over  upon  the  underlying 
Jura.vit  and  other  preCrelateous  sjilems.  Although  the  two 
stages  of  the  Californian  Lower  Cretaceous  are  em  irclyconiormabic 
throughout,  anil  appear  lo  ha\-e  been  formed  by  a  eonlinuous  pro- 
cess of  sedimentation,  yet  there  is  a  very  marked  faunal  change  be- 
tween ihein.  The  Knojtvitle  beds  have  a  norlhern  fauna,  allied  (o 
that  of  Russia,  showing  that  the  connection  with  Russian  seas,  which 
had  been  establUhcd  in  late  Jurav'-ic  lime^,  wa'v  Mill  kept  up.  With 
the  beginning  of  the  Horsctown  age,  however,  this  northern  com- 
municaliun  was  interrupted  doubllewt  by  the  dining  of  Bering  Sea, 
and  a  connection  was  formed  with  the  waters  of  southern  Asia, 
and  in  that  way  with  central  I^urojte.  The  derided  contrast  which 
wc  6nd  between  the  Lower  Cretaceous  faunas  of  California  and 
■hose  of  Texas  (loints  lo  the  cxi.\ienee  of  a  btnd  barrier  between 
(he  seas  of  the  two  regions. 

In  the  ioutheni  region  the  Lower  Cretaceous  wa^  terminated  by 
an  upheaval,  which  caused  the  Comanchean  Sea  to  withdraw 
tri>m  Texas  and  the  area  to  the  west  and  north  of  it.  This  mid- 
Cretaceous  land  epoch  must  have  continued  for  a  considerable 
time,  permitting  eslenijve  denudation  and  a  complcli-  change  in 
Ihc  fauna.  Wherever  the  marine  Upper  Cretaceous  is  in  contaci 
W'ith  the  Comanche  lim<:slones  north  of  Mexico,  the  two  arc  un- 
conformable, and  no  species  of  animal  is  known  to  pass  from  one 
lo  Ihe  other.  In  Mexico  the  I.«weT  Cretaceous  i>asses  into  Ihe 
Upper  without  a  break,  the  disturbances  there  taking  place  at  a 
later  dale. 

The  Upper  Cretaceous  rocks  haw  a  far  wider  distribution  over 
North  .America  ihan  havr  those  of  the  lower  rltviMon,  which  is  due 
to  an  enormous  transgression  of  the  sea  over  the  land,  one  of  the 
grcaiesi  in  all  recorded  geological  history.    Over  the  region  of  the 
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Great  I'lains  the  Upper  Crelaccous  was  inaugiiratcd  by  (lie  fiirnu- 
li()n  <>f  a  iion-mariiic  M^ftie,  (lie  Dakola.  TIicm  sirata  cover  much 
<dTcxa«,  lying  UDConformably  u|>on  the  Comanche  scries,  aiid  ex- 
lend  northward  into  (.'anadu.  In  Kansas,  however,  ilie  connec- 
don  of  the  Dakota  with  the  Washita  is  very  dose,  bands  of  .land- 
»tone  carryinp;  Dakota  specietiuf  plants  being;  inler;4raiili«(i  wiih 
ihe  murine  twrds.  On  tlic  western  side  of  the  Colorado  upUft,  ilie 
Dakoia  is  leu  distinctly  a  sandstone  formation,  and  is  characterised 
by  beds  of  shale  an<l  even  cmd  seams  of  workable  thickness.  In 
most  pans  of  the  Rocky  Mountain  region  the  Dakota  rests  in 
a])parent  timformily  upon  iht  Itiwxst  continental  Cretaceous,  and 
even  ujion  Ihe  Juraisic.  In  the  t'inia  and  Wasatch  ran^s  there 
is  no  ap{KtR'nl  break  in  sod  i  men  tali  on  from  ihe  Talirozoic  to  the 
end  of  ihc  Mcsozoic,  though  the  whole  Lower  Cretaceous  is  there 
wanting.  From  thi^  we  may  infer  thai  during  the  long  Lower 
Cretaceous  time  ;ill  ihcsc  regions  had  been  low-lying  land^t,  nearly 
or  quite  at  baxe-levcl,  and  therefore  not  nubject  to  profound  denu- 
dation. 

Ii  wa.<  at  the  end  nf  the  Dakota  age  that  Ihe  great  subsidence 
look  place  which  affected  nearly  all  parts  of  ihe  continent,  aiul 
brought  the  >ea  In  over  vast  area*  where  lor  ages  had  iicen  drj- 
land.  South  of  New  lingland  the  Atlantic  coastal  plain  wa»  suit- 
merged,  and  in  New  Jer>ey,  at  IchnI,  the  waters  cowrcil  even  the 
nearly  basc-lcvcllcd  Triassic  belt,  brinjpng  the  sea  up  to  the  foot  of 
the  crystalline  liighlanda.  The  lowlands  of  Maryland,  Virginia, 
and  Ihe  Ciroliiias,  and  all  of  Florida  were  under  the  ocean,  and 
the  (lulf  of  Me.via>  wa.-<  e.\tcndvil  northward  in  a  great  bay  (ibe 
Mississippi  embaymcnt),  covering  western  Tennessee  and  Ken- 
tucky and  extending  into  suuihcni  Illinois.  In  Mexico  important 
changes  occurred  during  the  I'ppcr  Cretaceous,  iiarly  in 
epoch  a  general  elevation  restricted  the  sea  tu  the  nurtheas 
jiari  of  the  country,  bui  in  the  south  was  an  opposite  movem' 
the  sea  transgres-^ng  upon  tht^  anrieni  land  which  lay  to  the 
trflhe  IsthmusofTchuantcpec,  finally  covering  it  late  in  tlic  period. 
In  this  n-gion  the  Up()er  CreUceoun  »verla|»  upon  the  Arcfairan. 
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Elsewhere,  ihe  disturbance  referred  to  wa.*  oniftenic,  resuliing  in  ihc 
ftirnuiliitn  of  roost  uf  thy  Mexican  inotintAin  ranges  and  contiDUing 
Dearly  or  quite  lo  the  end  of  the  period.  Texas  was  again  exten- 
sively suinneryd,  and  a  widrwatonneclcd  thcGulf  of  Mexico  with 
the  Arctic  Ocean.  The  ca.'.lem  coast  of  thi-i  interior  wa  bejt^n  in 
n<>rthwesl«m  Texas,  running  through  Kansas  and  Iowa  nearly  to 
the  present  line  of  the  ^lississippi  River.  Wcsmard  the  coast- 
line wax  the  uplift  which  ran  from  llie  wi-^t  c<ia''t  iif  Mexico  into 
British  Columbia,  The  Colorado  region  was  again  converted  into 
i»lamls.  North  of  thcdreat  Ba-vin  land  ilie  interior  ^^ea  was  con- 
nected with  the  Pacific  and  Arctic  Uccans,  which  united  over  ihe 
northwestern  part  of  the  continent. 

On  Ihe  Pacific  side,  Ihe  Sierras,  which  had  suffered  j^ally  from 
denudation,  were  again  folded.  A  mixlcrate  transgression  of  the 
sea  caused  the  Upper  Cretaceous  lo  extend  farther  east  than  the 
I^ower.  Volianic  activity  continued  and  immense  bathylilhs  were 
formed  deep  within  the  mountains.  The  sea  extended  from 
Lower  California  northward  along  the  Sierra  into  Ga.stern  Oregon 
at  ibc  foot  of  [he  Ulue  Mountains. 

The  North  .'Xmcriian  lonlinent  wa-i  ihoi  divided  into  two  prin- 
cipal Und  masses,  the  larger  one  to  the  ea»t  and  comprising  the 
pre-Camhrian  and  Palaeozoic  areas.  In  the  limits  of  the  United 
Slates  this  land  lay  almost  entirely  cast  of  the  Mississippi,  except 
for  a  southwestern  ))enin.>iula,  including  Missouri,  Arkansa.t,  Okla- 
homa, and  part  of  Texas.  The  wrElcm  area  was  much  smaller, 
extending  from  Mexico  into  BriiUh  Columbia,  and  having  its 
greatest  width  between  the  fortieth  and  forty-fifth  parallels  of  lati- 
tude. Between  the  two  lands  lay  the  Colorado  Island^  and  doubt- 
less many  smaller  ones  as  well. 

The  character  of  scdimeniaiion  differed  so  much  in  the  various 
regions  of  the  continent  that  the  subdinsions  of  the  Upper  Creta- 
ceous have  rcreive<)  different  names  in  the  .separate  provinces,  and 
only  approximately  correspond  in  time.  The  greater  number  at 
lh(9«  sulxli visions,  which  are  founded  chiefly  upon  physical 
changes,  gives  lo  llie  Upper  Crctiiccous  the  ap{>earance  of  being 
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longer  and  more  Important  than  ibe  Lower,  but  tbk  h  only  tn  ap- 
pearance. In  Europe  Ibe  Lower  Cmaccous  has.  in  recent  timet, 
been  divided  into  six  series,  an  airangeroent  which  proves  to  be 
o(  general  vaiidity. 

Along  iJk  Atlantic  border  the  Upper  Cretaceous  strata  an  a 
serie*  of  marine  san'l<  and  clap,  which  are  Mill  almost  hodzonial 
in  position  and  of  loo«.  incoherent  texture.  In  New  Jenvcy  that 
are  extenitire  dereliipmentx  nf  green  sands  lotally  called  mart  The 
Appalachian  Mountains,  which  had  been  subjected  to  the  loi^- 
n)«ilinue<l  donudalinn  oT  Tria.uic,  Juru.viic,  and  Lower  Crctaceoiu 
times,  were  now  reduced  nearly  to  basc-krel,  the  EUllatinny  plain 
of  gcographer>  (•tee  p.  513).  TI1U  peneplain  was  low  and  fist, 
coveting  the  whole  Appalachian  region,  and  the  only  high  hilU  upon 
)i  were  the  mountains  of  western  North  Carolina,  ibcn  much  lower 
ihan  now.  Across  this  low  plain  the  Delaware,  SusqiKhanna,  and 
Potomac  roust  have  held  very  much  their  present  course*,  meander- 
ing through  alluvial  flats. 

On  ibc  Gulf  border  the  Upper  Cretaceous  beds  <>f  Alabuuand 
Mississippi,  which  vrere  laid  down  in  the  Mississippi  embaymeni, 
are  in  3  stages.  Below  are  Ibc  sands  and  clays  of  the  BuIok 
(300  feet)  which  in  rorrelalcil  with  the  Maiawan  of  New  Jersey; 
next  follows  the  soft  limeslone,  or  chalk,  of  thcSdma  (500— ijoo 
feet),  and  at  the  top  are  aoo  to  500  feet  of  the  Ripley  sands.  Bast- 
ward  the  water  shallowed,  and  in  Georgia  we  fiml  about  1400  feet 
of  clays  and  sancl*.  Norlhwanl  along  il>e  Mk-u.-uiippl  emluymenl 
the  beds  thin  greatly  and  arc  mostly  claj-s  and  sands. 

In  the  interior  region  lying  upon  ilie  Dakota  are  the  marine 
beds  of  the  Colorado,  of  which  the  lower  division  is  (be  Benton, 
a  maxt  of  shale*  and  limestones  with  a  maximum  thickness  u 
1000  feet,  though  varying  much  frwrn  point  to  point.  The  depres- 
sion still  continuing,  the  «ea  became  quite  deep,  making  favourable 
conditions  (or  the  formation  of  thir  chalk  and  harder  timcstonc:^ 
of  the  Niobmm.  Tiiis  chalk  i*  best  seen  in  Kansas,  but  extendi 
fnio  South  Dakota;  elwwhcre  are  .landslones  and  limestones  wilb 
3  maximum  ituckQCsA  ol  looo  V«>.-    ^  moNwafciw  ift  v^Vti^iion 
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ol  the  tea-boiiom  licgiin  e\en  in  Colorado  limes,  and  in  the  norlh- 
crn  pari  of  the  inierior  regioi  «'ci!lauoii.i  of  level  produced  aller- 
naiing  frexli-water,  or  csliiarinc,  and  murine  conditions.  In 
Montana  and  Iht  Canadian  pro\-iii<:c  of  Albcna  b  a  tliick  body 
of  e^tuarine  or  fre.sh-wuii.T  Mrata  with  M^ams  of  coal  (ilie  BrJiy 
River  formation)  interposed  between  the  marine  deposits  of  the 
Colorado  below  and  the  Montana  abow.  In  Utali  is  another 
(rC5h-w3icr  dcp(»it  of  coal-l)caring  roiks  of  Coloratio  age. 

In  the  ifoHlana  epoch  marine  conditions  ilil!  prevailed,  but  the 
waters  of  the  northern  sea  had  grnerall}'  tKCome  much  Khallower, 
and  a  marked  change  of  fauna  was  produced.  In  Alberta  are  coal 
mea.Mirv»  of  t)iis  date.  Two  division,^  of  the  Montana  are  dfx- 
tingiiishcd,  although  not  everywhere  separable;  the  Fori  Pierre, 
which  is  composed  of  shales  atid  ^ndstones  with  a  maximum 
ibicknew  of  8000  feet,  and  the  Fox  llUts,  santUtones  and  some 
shales,  which  do  not  exceed  i(»o  feet.  This  movem<'nt  of  up- 
heaval in  the  inierior  was  accompanied  or  followed  by  an  uplift 
on  the  Atlantic  and  Gulf  coasts,  for  along  these  I>orders  the  upper- 
most Cretaceous  beds  arc  cither  wanting  or  represented  by  ex- 
ceedingly thin  depouls.  In  the  interior  the  continued  upheaval 
caused  fresb-walcr  and  swampy  conditions  to  prevail  over  very 
wide  arvas,  though  not  so  widely  extended  as  had  been  the  Upper 
Cretaceous  sea.  This  great  amlincnlal  formation  is  the  Laramie, 
which  has  no  such  eastward  extension  as  the  marine  Cretaceous, 
but  is  restricted  to  the  western  side  of  the  biisin  and  is,  in  pan, 
probably  equivalent  to  ihe  latest  marine  Cretaceous,  ihc  difference 
being  in  facics  rather  than  in  lime.  However,  this  applies  only 
to  the  older  part  of  the  Laramie,  which  as  a  formation  continues 
much  later  ihan  any  of  the  marine  stages  and  may  even  have 
persisted  into  the  Eocene.  The  northwestern  part  of  the  continent 
had  been  con^vried  into  dry  land,  but  a  broad  area  of  non-marine 
deposition  extended  up  the  course  of  the  pre:tent  Mackenjcic  River 
to6i*N.  lal.  Anothcrand^'asllylarger  area  began  about  57''N.lat., 
and  reached,  though  perhaps  with  interruplioivt,,  \q  tow^>JiR'»s\m^  ' 
Mexico,  fvrmuniJwg  the  Colorado  island.    TWs  awK*.  '««»  **** 
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inik-i  luiijj  urtil  500  mik-s  wiilc,  and  n,-)>niduLi:d  iIk-  conditi 
which  oblaiiH-d  around  (he  Mbvsissi()|>i  valley  in  the  fppcr  Ctn- 
boniferou-s  inuneiiM-  swamtw  and  |>cai  bujp  in  which  gathered 
Ihc  quaiitilics  of  vegetable  matter  now  converted  into  coal  sea 
The  c)a.4tic  rock>  iiiler^Iraiified  with  the  coal  are  probably  fluviat 
and  UKUstriiH-  dc|Kisils.  anil  occiisionnl  brackish- water  conditions 
arc  reported  from  some  areas.  Workable  coal  is  found  id  all  the 
stage*  of  thf  weslcrn  Creiaccous,  bul  none  of  thc«;  stagu  U  com- 
parable to  the  Luaniie  for  the  extent  and  thickncs  ai  its.  cosl 
mca^u^e*. 

The  Laramie  was  a  lime  of  tranquillity,  with  only  ^ow  and  senile 
changes  of  !cv<tI,  but  inward-,  its  <lii«  some  imptirlant  dislurii- 
anccs  look  place,  especially  along  the  Rwky  Mountains.  The 
&rsA  of  tliese  movemenl>  afTecicd  only  ihe  Colorado  island,  and 
its  effects  arc  rs|jccially  wcl!  shown  in  the  l>cti\Tr  I>asn,  where 
some  800  feet  of  congtunicrale:i  (the  AmftoJuie)  rest  upon  the 
Lnrainie  u  neon  form  ably.  I'hc  second  wricx  of  momments  wa» 
much  more  extensively  felt,  jjroducing  marked  unconformities 
IkiiIi  in  ('cilorado  and  Montana.  In  Colorado  lliere  was  a  great  vol' 
canic  outburst,  and  the  Denvrr  stage,  which  overlies  ihe  Arapahoe 
u neon fiirm ably,  is  principally  n>mpa>>ed  of  andcsitic  lufTn.  In 
Montana  ihc  equivalent  stage  (Livingstonf),  which  also  contains 
ciinMderable  vol<-ani<:  material,  h  7000  feet  thick  and  unconfonn- 
able  wiih  the  I.aramie.  Il  is  probable  that  the  Araj>ahoc,  IVnvrr, 
and  Livinpi[on<-,  all  of  which  oteur  along  tlie  Rocky  Mountains, 
correspond  lo  beds  which  elsewhere  arc  a  jiari  f>f  the  l.aramie. 
The  latter  in  ea--*tern  Wyoming  passes  into  undoubted  Eocene 
alxjve.  by  what  appears  to  be  an  unbroken  continuity  of  Nediin«n- 
taiion. 

The  Upper  Cretaceous  of  the  I'acific  coa.*!  comprises  the  Ckke 
series,  with  a  maximum  thickness,  of  4000  feet.  In  \'ancouver'* 
Island  the  Chico  is  coal-k-aring.  The  faunal  connections  tA  the 
Chico  are  with  southern  Asia,  that  series  having  very  little  in  cont' 
man  with  the  fossils  of  the  inlerit>r  region.  The  uppermoal  Cre- 
taceou*  is  wanting  aW^s^vVe  Vacv^iK  wiiA.^-wwjvVw  wrt»in 
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earing  beds  in  Washington,  which  ajtpcar  to  reprcsenl  ibe 
X.arainie. 

Tlie  resemblance  of  the  Chico  fossils  to  those  ot  southern  Asia 
Indicates  the  cloBin^  of  Bcrin;;  .Si-;t  and  thu.t  ihe  pouibilily  of  a 
migration  of  shoal-walcr  animals  all  around  the  shores  of  the 
North  Pacific,  at  the  same  time  providing  a  way  for  the  interrhiingc 
of  land  animals  ami  plants  tictwecn  North  America  and  the  Old 
World.  The  I'pixr  Cretaceous  faunae  of  Mexico  are  surprisingly 
(lilTerent  from  those  of  the  United  Stales,  and  so  like  those  of  the 
Mediterranean  region  of  Europe  as  to  suggest  an  casi  and  west 
shore-line  amiss  the  Altantic  in  the  latitude  of  Brazil,  while  the 
northern  connection  of  America  with  ICurojK;  probably  continued 
also,  for  the  shallow-water  fos^JIs  of  New  Jersey  resemble  those 
of  central  Europe. 

'ilie  Mcsozoic  era  was  closed  in  the  West,  as  the  Palaeozoic  had 
liecn  in  the  Kast,  by  a  lime  of  great  mountain  making,  and  to  this 
movement  is  aliributed  the  formation  of  most  of  the  great  Westeni 
mountain  chains.  Fnini  the  .\rctic  Ocean  to  Mexico  ihc  cffccls  of 
the  disturbance  were  apparent.  The  Rocky  Mountains,  the  Wa- 
satch and  (Jinia  ranges,  the  high  plateaus  of  l.Tlah  and  .Arizona, 
and  the  motmtains  of  western  Texas  date  from  this  lime,  though 
ftutueqiient  movements  have  greatly  moditied  them.  Vast  volcanic 
outbreaks  accompanied  the  upheaval,  which  was  on  a  far  grander 
scale  than  tlic  Appalachian  revolution  had  been. 

Fofcigii.  —  In  SoMlk  Amenta  the  Creiaccou$  history  is  much 
like  that  of  the  northern  continent-  The  subsidence  which  inau- 
gurate<i  the  I.tjwer  rreiaixou.*  extended  ihe  >ea  over  the  norlh- 
em  piBTt  of  South  America  and  coi'ered  nonheaslem  Brazil,  with 
fresh-water  deposits  in  central  Brazil.  .All  along  llie  Cordillera, 
from  Venezuela  to  Patagonia,  marine  Cretaceous  is  found,  but  ea&l 
of  tltc  mountain.i,  with  the  exceptions  already  noted,  the  sy.tlcm  is 
rcpnscnied  chiefly  by  noD-maiine  sandstones.  In  Patagonia, 
ho«'ever,  i.*  an  area  of  marine  I.,i>vier Cretaceous  east  of  the  Andes, 
though  its  exleni  is  not  known.  'IWck  con^ftcrvXaX  ««v&sj.vs(w% 
rtpresmr  mtist  o(  the  j>cri<xJ,  but  toward  l\w  c\w«,  vVe  «w<\t«'V«.\a.- 
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gonial)  pbin  ujitK-ars  In  hnvc  bcrn  submerged  far  a  short  time  l)y  3 
transgression  of  ihc  Upper  Crctatcous  sea.  The  fauna!  relations 
of  the  Soiilli  Amrriian  [.nwcr  Cretaceous  arc  wry  intimate  with 
northern  and  wcsicm  Africa.  Gi^ntic  TOlcanic  activity  went 
on  along  ihc  Cordillera  in  Mcsomic  limes;  in  Chili  and  Peru  the 
marine  Cretaceous  U  principally  made  up  of  stratified  igneous  ma- 
terial, and  the  Amies  contain  tht  largest  known  ara  <A  Mcsozo^^ 
eruptivcs.  The  mountaio-making  upheaval  probably  came  at  U^| 
close  of  the  Cretaceous. 

In  Europe,  toward  the  end  of  the  Jura,  the  sea  retired  from 
nearly  all  of  the  centra]  region,  which  In  par)  became  dry  lawl 
and  in  pari  was  covered  with  lakes  and  inland  seas.  One  o*  the 
larg(-si  i>f  ihe>e  covered  much  of  suulhern  En^and,  extending  far 
into  Germany,  and  in  it  was  deposited  a  great  thickness  of  sand 
and  clay,  willi  >()me  shell  limestone,  the  Wea!ilen.  The  Alpine  re- 
^on  remained  siil>mcrgril  iiikUt  a  clear  and  deep  sea,  and  the  tran- 
sition from  the  Jurassic  is  very  gradual.  In  the  eldest  Crelac«ous 
q>ocb  (A'rorflwtVif)  a  renewed  Iransgrewion  iubmerged  large 
ptita  of  central  Euroijc.  though  Ihc  sea  was  far  less  c\lcnrjve  than 
that  of  the  Middle  and  U|ii>cr  Juras.sic.  In  ctjii sequence,  a  great 
gulf  was  established  over  souihcm  England,  northern  France,  and 
north  Germany  lo  Poland,  a  gulf  bounded  on  ihc  mirth  by  the 
highlands  of  Britain,  Scandinavia,  and  northwestern  Ru.>tsia,  and 
on  (he  south  by  a  land  stretching  from  Ireland  lo  Bohemia;  Bel- 
gium was  mostly  an  island.  The  expanded  Mediterranean  covered 
itoutheastern  Asia  Minor  and  northern  Africa.  In  the  Uj>]Kt  Cre- 
taceous ihc  northern  gulf  was  grcally  extended,  covering  many 
areas  that  had  been  land  since  Palaeozoic  or  pre-Cambrian  time*. 
Parts  of  this  ba<in  became  very  deep,  and  its  most  charactcnstic 
deposit,  especially  over  southern  England  and  northern  France, 
was  chalk,  which  ihe  microsc-upe  shows  to  1>e  made  up  of  the  shelb 
of  Foraminifcra  and  to  resemble  the  mtxlcrn  foramintferal  ooks. 
Over  Ihe  Alpine  region  upheavals  in  Ihe  Upper  Cretaceous  hi 
established  land  areas.  ii\dicatcd  by  extensive  fresh-water  (le|] 
curring  at  interca\s  ^TovR?.y4m\^l\\^M^■»,w5,■^^^■^nR.^a»«  count 
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containing  coal.  The  Cretaceous  was  closed  in  Europe  by  a 
grndual  ut>hcavnl  which  ewluded  tlie  sea  from  wide  areas  ihal  it 
had  iHcu])ied. 

In  Afrita  ihc  only  extensive  Cretaceous  areas  are  Ihoje  of  the 
north,  where  the  Atlas  Mountains,  and  much  of  the  surface  of 
the  Libyan  dewrt  are  made  up  of  ihi-^-  ro«.k^.  A  limited  trans- 
gression of  the  sea  also  look  place  along  the  wcsiern  coast.  In 
South  Africa  are  traces  of  two  Cretaceous  invsisions  of  the  wa.  Ijolh 
of  which  merely  occupied  old  valleys  for  quite  a  short  distance  from 
ihc  coart  of  Ca|«c  Colony  and  Nat;d.  The  first  invasion  fa  of 
Ncocomian  date  ( UiUnkagt  beds)  snd  its  fossils  have  a  distinct 
likeness  to  thiise  of  Patapmia.  The  second  incursion  took  place 
later  in  the  Cretaceous,  at  a  horizon  not  yet  determined. 

Southern  and  eastern  Asia  display  many  areas  of  Cretaceous 
rocks,  as,  for  example,  in  southern  India  and  Japan.  AmtniM 
also  has  extensive  areas  of  this  system,  which  are  best  known 
in  Queensland,  where  they  arc  chii-Ily  !.nw<:r  Cretaceous  and 
contain  coal.  The  New  Zealand  Cretaceous  is  also  coal- 
bejiring. 

Climate.  —The  evidence  for  the  existence  of  climatic  zones  is 
miTi-  distinct  in  the  Crelatxious  than  in  the  Jurassic,  though  the 
difference  between  the  zones  must  have  been  slight,  for  the  Upper 
Creta(ie<>us  llora  e:ilends  to  Greenland  with  hardly  any  change. 
On  the  other  hand,  the  marine  animals  show  a  decided  difference 
according  to  latitude.  In  the  Mediterranean  region  of  Euro(>e  and 
Asia,  the  \\W  Indies,  Mexico,  and  the  north  coast  of  South  America 
the  seas  abitunded  in  reef-building  corals,  in  the  extraordinary 
groups  of  bivalve  molluscs,  or  Pelccypoda,  called  the  Ruditits 
and  Caproiintt,  and  in  certain  genera  of  .Ammonites,  such  a.< 
LytiKeras,  Hnptofcraf,  and  PhyHocerns.  In  northern  and  central 
Europe  and  on  the  Atlantic  coast  of  the  United  States  tlKNe  forms 
are  rare  or  absent  and  other  groups  take  their  place-  The  probable 
explanation  of  the  seeming  contradiction  in  (he  testimony  of  land 
plants  and  marine  animals  is  in  the  existence  ot  a  ca-A  y^^  ""^ 
and  southward  cumnls  from  it. 
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'I'lic  life  ii[  (he  Cretaceous  disjilays  so  gn-3t  an  advance  over  Ibal 
of  ihc  jura.viic  that  the  change  may  fairly  be  called  a  revolution. 

PUuitK.  —  If  Ihe  separation  Ijriwccn  the  Mesoioit  and  CeooEoic 
eras  wck  made  enlircly  with  reference  (o  the  [rfanU,  it  would  pass 
iK'twecii  the  l^iwer  ami  the  Up[>er  Cn-laoeous,  jtist  a*  a  Umilar 
criterion  would  remove  the  Upper  Permian  to  the  Mesoawc,  The 
v(;gi-l;ition  of  the  LtrtMcr Civtaccnus,  C)i|)c(ially  of  the  kiwcst,  is  still 
rauthiiliefhalof  the  Jura.   Ferns,  Horsetails,  CyicadstaodCoDiftrs 
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Fill.  99^  —  Crclnnous  Iravn.  Daiiolii  tUgt.  i.  IKxmmaritti  tmargaiUiu  Laq., 
I/a.  3.  llttuiUti  Wiiti  LCM),.  J/4.  3-  LinaJnJrtH  gigjjUriim  LiCu)..  ■>!. 
(LCKlucrcui) 

continue  to  make  up  most  of  the  flora.  ThcCyriidale^in  particular, 
abound  in  the  I^^iiwer  Cretaxeou.-',  many  of  tlicm  IwIimKJrig  to  the 
Benncltitcic.  On  the  other  hand,  the  impending  rc^''>iution  b  an- 
nounced by  the  ap^waranoe  of  Ditolytedons  of  archaic  an<l  primf 
live  type.  In  the  higher  parts  of  the  Potomac  the  Cycads  tccome 
te««  aliundani  and  the-  I)ti*iityl<H)ons  very  much  more  w.  Here 
we  find  many  leaves  which  belong  to  genera  that  cannot  be  di^iii' 
gui^livd  from  ihow  of  modern  for«.-l  tree^  sucb  ait  Saxta/rat,  PafM- 
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tif.  t.  Fmmdicrlari*  wnM'  BomcHuiin,  ■  j.  Uu  Cm.,  KJ.      •■ '    .    ^ 
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nr^^'j  '■'••o,  »  \.  ft    f.VriT      ij,    HiUtvtirat  »(»r*iiijm  *V.n'  .  »     h^  ■*-  "" 
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tia,  tirioiendron,  tic.  Sa  DiroiyWdoos  hare  bcee  foood  in  lite 
Koounie  of  tbe  \oftbirest,  or  in  ibe  Wealden  of  aonhcm  Europe, 
bm  (bey  occur  in  the  Luwcr  CreUceoos  of  Pmnga],  tireenlaajd, 
and  Spilzbergco.  Id  ibc  Utlcr  part  of  (be  Lower  and  in  all  (he 
Upper  Crc(acenus  o{  North  Anmica  iW  Aoni  assunies  ma  sIruiM 
completdy  modem  character,  and  oevly  all  of  our  common  kinds 
of  forest  tm»  arc  represented:  Sassafras,  I'oplars,  \Vil]o«r:^  Oaks, 
Maples,  Elffl-H,  Beeches,  Cbes(nu(ft,  and  very  many  olhers.  A  new 
ctcment  k  ihr  Monucntylcdonous  group  of  Palms,  whicb  speedily 
aiiMimes  ^cat  importsDCe.  Each  Miccea.-iive  plant-bearing  botizoa 
of  tbe  Cretaceous  b  characterized  by  its  ovm  special  assemblage 
of  plants,  but  in  its  funeral  features  (be  Upper  Cretaceous  flora 
b  CMcnlially  modem,  and  this  is  true  of  tbe  world  .it  large,  whik 
In  the  Lower  division  it  was  only  in  North  America  and  a  few 
other  s<.'atiered  areas  that  the  Angi<»|>enn«  had  )^ined  a  foottiold. 
Cretaceous  animais  arc  sufficiently  different  from  those  of  ibc  Jura, 
tnii  the  change  tx  not  so  revolutionary  as  we  liave  found  among 
the  plants. 

Foraminlfera  play  an  imponatit  part  in  the  construction  of 
Cretaceous  rocks,  rs|x-cially  of  the  great  masses  of  cbalk  (PI.  XV, 
Fi^.  I,  i),  while  (be  g\tcn  sands  are  casts  of  foraminiferal  .%)>eIU  in 
gluuconite.  The  most  abundant  genus,  as  in  the  recrni  Atlantic 
ooics,  is  Globigcrifia. 

Sponglila.  ~  In  the  Cretaceous  of  Eun)pc  Sponges  are  mote 
nuDierous  and  varied  than  at  any  other  time,  but  in  Nonb  America 
ilicy  an-  (ar  les*  common. 

Coilenienitii.  — The  ContU  were  very  much  as  thqr  are  to-day 
and  rec|uire  no  special  description. 

The  BchiaodennKta  undergo  scanc  verj-  marked  changes.  The 
Crinoids  are  much  reduced  wince  \\\i;  Juru^sii,  an<t  were  never 
again  to  assume  their  ancient  importance;  chAnictcrislic  Cre- 
taceous genera  are  the  Memles^,  frw- swimming  Vintairinus  and 
Uttrsu^tts.  The  Sea-urchins  are  incomparably  more  Dumcrou> 
to  Europe  than  in  North  .America;  of  tbe  Regular  formv  may  be 
trteniioncd    PseNdodiodema,  Ciiorri,  wcA  Sfll«»ia,  toiA.  of  ibe 
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liar  forms,  Toxajter,  Holasler,  Cassidulus.  Corduuler  (XV, 

3).  cf. 

Artfaropoda.  —  Among  the  Crustacea  we  need  only  note  (he 
great  incrrase  in  ihc  Bnichyuran  Decapods,  or  Crabs,  in  the  beds 
of  ihe  Gulf  border  and  of  Europe. 

Brnchiopodft  axe  ^t-ry  mutti  as  In  the  Jurassic;  the  common 
genera  arc  Terehratitla  {XV,  s).  TerrbrateJIa  (XV,  4),  and  K^yH- 
(honrlla. 

HoUusca.  — This  group  is  very  richly  developed,  and  many 
genera  s.n  iH-iu!i.ir  to  the  i)t:ri<t<l.  The  large,  turiiius  oy^ttrs.  be- 
longing to  the  genera  Oslreu  (XV,  11),  Oryfticta,  and  e^^prcially 
Exogym  (XV,  9),  ate  common,  and  the  many  .i{>ecics  of  InoeerO' 
mm  (XV,  6)  are  very  characteristic,  especially  of  tlic  nortlicrn 
faciei.  More  modem  ty]>t-s  are  IJonearca  (XV,  8)  ajid  VenifJta 
(XV,  10).  Confined  to  the  Cretaceous  arc  the  extraordinary  shells 
cta-vwtl  n*  RuJiites,  in  which  one  vaive  is  lun^  and  horn-:<ha)>ed, 
and  the  other  a  mere  cover  for  it.  Diese  shells  of  the  genera 
Hifipuriltj,  RadiolUti,  and  Coraitiodtatna  are  much  commoner 
in  Europe  than  in  America  and  arc  preeminently  southern  in 
di.stribution.  Other  peculiar  Crelaceou.s  Bivalves  are  Requienia 
and  Caprotina.  Atirella  (XV,  7)  is  of  interest  both  in  the  Upper 
Jurassic  and  the  Cretaceous  as  a  typically  Boreal  group  of  ^ells. 
The  Gastropods  (XV,  la,  13),  arc  very  much  as  in  the  Jura,  but  in 
the  latter  part  of  the  period  come  in  many  genera  which  reach 
their  fullest  development  in  Tertiary  and  recent  times,  such  as 
Pusus,  Murex,  Volnla,  Cypraa,  and  many  others. 

I'he  Cefkalopotis  are  very  peculiar;  in  addition  to  numerous 
Ammonoid  genera  with  closely  coiled  shelU  of  normal  type,  such 
as  Hcpliles,  S<hl<rttbackia,  Platenlutras.vit  find  vcrj'  many  shells 
entirely  or  partially  uncoiled, or  rolled  up  in  peculiar  ways,  which 
^vc  to  the  Cretaceous  Cepha)o[>od  fauna  a  character  all  ils  own. 
In  Crioceras  (XIV, -30)  the  shell  is  coiled  in  an  open,  6at  spiral,  the 
whorls  of  which  arc  not  in  contact.  Atuyioceris  has  a  similar 
open  coil,  followed  by  a  long,  straight  ponVon,  anA  ttcxwvfi  V*™- 
miaaj  chamber.    Seafihiics  (XV,  i6)  is  like  a  ihotVcwii  K-M.'f-'^ 
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terat.  In  I'lyflKumf  ihr  shell  consists  vi  tm  funlld  pvb, 
cunnrt  1^  by  a  single  :iharp  bend.  TurriJita  h  coOcd  into  b  hi^ 
itptnl,  ttkcaOftsiropod,  and  BcatiiUt  {XV.  t4i  15)  ha»a  periedlj 
straight  shrll  except  (<ii-  a  minute  coil  at  one  md.  H^tnttm 
(X\'.  1 7)  displays  the  extreme  of  iirei^larity  uf  gnnnh.  /faatiK 
is  rcprescnicd  by  man)-  species,  some  o<  tbco  rcrr  Ur|^  BeWm 
nEln  are  very  abondani,  but  in  the  Upper  Cntarenus  ibe  pno 
Btitrnmilttla  (XV,  18)  replaces  the  true  Bdemmites. 

The  Vecttfarata  form  the  moc>t  characterioic  ckinenl  ti  At 
Cietaceous  fauna.  Among  the  Fidia  a  rrvolittioa  lut»  cnvnl 
Shari.^  of  mudem  type  abound,  and  their  teeth  ur  fcMind  In  rngrt- 
]ns  numhcn:  liui  the  principal  change  consists  in  itir  inuwM 
opaiMiMi  ni  the  rA»itt,  or  Bony  Fbhes,  which  now  take  the  dMl- 
naiM  place.  «hik'  GaiMM»  btooinc  raiv.  itoa  of  the  Cnrtaraa 
TcboiUt  bdonft  to  BMdetn  Eaaifes  and  e«m  flncs^  such  j.  *l* 
IIcmog^C«d.SalnMin.MuIltt&.Caifishesclc-:  botacharj 
Cretacnxu  type,  omr  extinct,  is  that  of  the  Sam^adm 
cmnunxvtts  tohes  of  gteat  tut  and  poxner.  The  fmtK 
coamon  in  the  Kan»s  chalk,  was  i»  to  15  feel  kng.  and 
|wmded  with  peal  icpuh'-tike  teeth. 

The  Krftila  ontiaaed  tn  he  the  dominant  type*  of  the 
(be  wa,  and  the  air,  and  it  may  bitty  be  queMionrd 
Jura  or  the  Octaccoas  shotdd  be  wgaidtJ  as  the 
petiod  el  RepiiEaa  fabtcsy.  ftiAfmitmi  and  Wmawnga  ate  fo- 
hl^«  irss  abondaal  than  ia  the  Jt«a.  hot  are  nf  p<eailr  IncmM^ 
dar.  fJij— niMi,  a  PleaJwanr  km  the  Kan«*  chttlk.  had  1 
lenicib  of  40  le  50  fcct.  el  vfairh  »  £ec«  belonged  to  the  deader 
Deck.  Coo6aed  to  the  Octafeottt  are  the  mtartalilr  marifK 
tvplilcs  n(  the  graop  Umt*fnrU.  whkb  swanwed  on  the  AtlaalK 
aiMl  Gulf  mans  and  o^eclaBy  in  the  ntefiv  sea.  Theae  wm 
IppMic.  canjvorous  marine  Hards  vilh  the  finfaa  convenrf 
itttn  iwimmlm;  padJet  <w*  Fif;.  jooV  Tm^a,  both  frmh-waar 
and  marinr.  ahooad.  and  xmr  ««c  toy  Urge.  Lii^rdi  aai 
.V<  •jmcSr  nT«rsaM(<  not  dij|diyiag  the  maniUM  j 
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CRETACEOUS  LIFE 


«<iu»(ii-  rejililcs.  the  ClwriiloJera,  nearly  alHcfJ  In  the  Khyitihu- 
nephulia,  a|>|K.-an;(l  in  the  bllcr  part  of  ilic  |icriod.  Crocodiiet, 
like  those  of  modirrn  daya,  M-cre  ubiquitous  in  both  frc^h  and 
sail  water*,  an<t  in  North  America,  at  least,  some  of  the  lonj[- 
snouled  Jurassic  type  ni  crocodiles,  Tela>niurut,  tunttiiucd  into 
the  Upper  Cretat-eous.  * 


Fm.  JOB. —  lylimrui  ififHar  VUioti,     A  M&it      ol  ^.iiiri>iMil 

Piihoi  \,l'*nlu*i\,     RnlOTDDan  byC.  K.  Kn^i^.;,  untki  itiv  .Imcliun  of  Pn>- 
kutir  tl.  K.  Oiborn.    (Capyrlslu  b;  Amer.  Mut.  Nni.  HUi..  N.Y.) 


Tlie  PtooMMM  erf  the  Cretaceous  are  remarliulik-  for  their 
great  succ,  far  exceeding  that  of  the  Jura&«ic  spcd».  The  closely 
allied  genera,  Omitlioitoma  of  Kuro))e  an<l  Pirranodon  of  Kan«is> 
had  a  head  of  nearly  j  feet  in  length,  with  a  long,  pointed,  tooth- 
less bill,  like  that  of  a  bird;  the  vipread  of  u-ings  exceeded  20  feel. 

The  Dinosaurs  continue  in  cv^rn  greater  profttiion  than  in  the 
Jura--ak;   they  arc,  of  course,  much  lommonei  awA  W\\«  v^' 
served  in  coniincHfa/  <leposits  than  in  marine,  anA  \\ctwc  m«  \i«A 
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known  from  (he  base  and  the  ^timmit  of  the  s)'stiMii.  Many  of 
the  genera  were  the  lar^^t  land  animals  that  ever  lived,  and  the 
size  of  the  bones  iM  astonishing.  The  Weiiliien  of  Kurope  has 
yielded  suine  maf^ificent  Dinosaurs;  especially  the  genuit  tguanth 

dcH,  of  which  majiy 
com^dete  skeletons 
have  been  found  in 
Belgium.  Dinuc>aur» 
arc  much  less  com- 
mun  in  ihe  marine 
l'p[>cr  Crctiu:eou&, 
but  the  green  »and» 
of  New  Jersey  haw 
yielded  Hiuirosaunts, 
a  herbivorous  Dino- 
saur much  like  Igua- 
nodon,  and  some  car- 
nivorous types  also.  The  Laramie  and  Denver  bed*  have 
preserved  many  fine  specimeai,  which  show  thai  the  Dinosaurs 
flourished  in  almost  undhninishcd  \'ariety  till  the  end  of  the  Cre- 
taceiiu.t.  The  erect,  herlilvoriius  type  is  represented  in  these  beds 
by  Monodonins  and  Duloniuf,  {Fig.  joa),  which  arc  nearly  re- 
lated to  Hadromu- 
nts.  Trieeraiops{Fig. 
301)  and  Torosaurus 
are  huge,  quadru- 
\icAa[  reptiles,  with 
three  large  horns  on 
the  head  and  an  ex- 
traordinary frill-like 
extension  of  the  skull  over  the  neck. 


Fig.  301. —.skull  of    iriirr^afi  taitllaliit   Mmh. 
Iram  the  side,  1/30.    (Manh) 


:.  —  Skul)  of  /liintut  ttiratila  Copt.tiam 
■Uiw.  1/19      (Cope) 
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Carnivorous  Dinosaurs  like- 
wise continued,  such  as  Latups,  Tyrantioiaurus  and  Omilhoni- 
mut,  the   latter  with   hind   limbs  which  are  especially  birdlike 
in  structure. 
Tlie  Birds  of  the  Cretaceous  are  much  more  abundant  and 
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advanced  ihan  the  knovrn  Juras^c  birds.  In  the  Upper  Cfela- 
ceous  of  Kanta;*,  and  proh.ibly  uf  F.ngland  alw,  arc  found  two 
rcnurkable  birds,  Uapcromit  and  Ithlhyomh.  In  ihc  former, 
which  wat  nttarly  6  ftct  high,  tht-  wiiiji^  wrre  rudimentary,  while 
hhthyornis,  a  much  smaller  bird,  had  powerful  wings.  Both  of 
the-ic  genera  fiosseiscd  leclh,  like  Ankaopieryx,  bui  except  in 
that  feature  and  in  certain  minor  details  of  structure,  they  arc 
entii«ly  like  modern  birds.  Bird  bones  like  the  corresponding 
parts  of  llic  Cornorants  and  Waders  have  t>ecn  found  in  the  grpcn 
sands  of  New  Jersey,  but  il  is  not  known  whether  they  had  tccih. 

Mammalia.  — Cretaceous  Mammals  are  more  numerous  and 
varied  than  those  of  the  Jurassic,  but  they  continue  to  play  a  very 
rniH]et.t  role,  and  are  nearly  all  iif  minute  siix.  In  America  they 
have  been  found  only  in  the  uppermost  Cretaceous,  and  in  Europe 
they  arc  not  known  as  yet,  thoujcli  (]i>u)>tle«s  they  exLited  in  that 
part  of  the  world.  The  mammals  of  the  Laramie  already  begin 
to  show  affinities  with  the  form*  which  an;  to  succeed  them 
in  the  Tertiary.  The  Muililuberculata  are  represented  by  two 
genera,  Menhcoiitut  and  PlUotlin,  while  other  mammals  of 
doubtftd  affiiuties  arc  Diddphops,  Ptdtomvi.  and  Cimolata. 
Many  olbers  are  known,  but  ihey  are  too  imperfect  for  reference. 
With  one  exception,  TMaoHon,  which  b  of  moderate  sUc,  all  lhc« 
mammals  are  eitcecdingly  small. 

In  brief,  Cretaceous  life  is  tittl  typically  Mcsozoic.  hut  a  change 
toward  Cenozoic  conditions  is  already  manifest,  especially  In  Ibe 
Plants,  the  Gastropods,  the  Tclcoslcan  Fishes,  and  the  Bink. 
There  is  still  a  gap  between  the  life  s)'i-teros  of  the  two  eras,  but  it 
is  no4  so  wide  as  it  was  once  believed  to  be,  and  it  may  l>e  hoped 
that  future  discoveries  will  bridge  it  entirely. 
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CHAPTER   XXKV 


CENOZOIC   ERA  — TERTIARY    PERIOD 


Thk  hi^loiy  of  ihe  Cenozoic  era  brin^  ua  by  gradual  steps  lo 
the  prcfcnt  order  <>f  tilings.  0(  nu  jinrl  of  gculogiol  history-  have 
such  full  and  diversified  records  been  preserved  a--«  (if  ihr  Ccno- 
zuiv,  and  )X'l  tlii*  ver)'  fulness  h  ;i  sounro  "f  difln-ully  and  erobar- 
ra^ment  when  wc  attempt  to  arrange  the  var^otB  phcDomcna  in 
their  (hrondlogii'al  nrdi-r. 

The  sedimentary  rocks  of  ibc  Ccnojwic  era  arc,  for  ihe  tnn*i 
pan,  quite  Iimhc  and  uncompacted;  il  is  relalK'cly  rare  to  find 
hard  rocks,  such  as  so  ({encrally  charactcrLte  ihc  older  formaliun*. 
They  are  also  most  fre<iueiilly  uixttslurded,  rulaiiiing  neiiriy  ihcir 
ori^nal  horiiontal  positions,  except  when  ihcy  haw  been  uplunted 
in  ihc  formation  of  great  mountain  chaini^.  Anotlier  ehararlcrbtic 
feature  of  Ceiiojioit  strata  is  iheir  locally  restricted  range:  only 
in  the  oldest  i>arl$  of  the  gn>ii)>  do  we  find  such  widely  extended 
formations  as  are  common  in  the  Pdlx'oxoic  and  McsozoJc  groapf, 
and  the  later  Ccnoxoic  strata  liecome  more  and  m^tre  local  jn  ifaeir 
character.  'Hiis  implies  the  rcsiriclion  of  the  changes  of  ImtI, 
the  great  transgressions  and  wiilidrawalsof  the  sea  no  longer  tak- 
ing place  as  they  had  in  the  preceding  eras.  On  the  other  hand, 
mountain  making  vr:i<.  effected  on  a  very  ^and  scale  in  Ihc  Ceno- 
Koic,  and  vulcanism  was  prevalent  to  an  extent  that  seems  nei-er 
to  have  been  reached  tvcfore. 

The  dimale  of  the  era  underwent  some  very  remarkable  and 
inexplicable  changes.  At  the  beginning  il  resembk4  that  of  ibc 
Cretaceous  in  \U  gEnCTal\v  »«Ud  and  equable  character,  a  luxuriinl 
vegetation  ftouriKhmft  ^m  VttVvw  \^^s  Mrtw  C!ad*-.  but  by  wrj 


slow  degrees  and  widi  many  llucluiitions.  the  tlimiiu-  grew  colder, 
culminating  in  ihc  Glacial  A|^,  vrhcn  much  of  the  land  in  the 
nurtbmi  hemisphere  wils  covered  vriih  sheets  of  ice  and  snow 
and  reduced  to  Ihc  condition  of  modem  Greenland. 

The  life  o(  ihc  Cenoaiok  era  is  very  clearly  demarcated  fnim 
thai  of  thcMesozoic,  though  many  modem  characteristics  began 
in  the  Crclaccous  nr  K\xn  earlier.  The  |Mxuli%r  Mesoxoic  Am- 
monoids,  BeJemnites,  and  many  curious  Bivalves  disappeared 
almo«t  entirely  at  the  end  ol  the  Cretaceou.s,  U-avinj;  only  a  few 
Htraftglers  here  and  there  to  persist  into  the  older  Teriiary.  Even 
mitrv  striking  n  the  dwintilittg  uf  the  Repiites;  the  Ichthyosnurs, 
Plesiosaurs,  Mosasaurs.  Oinoeaurs,  and  Pterosaurs,  which  had 
given  such  a  marked  individuality  to  the  Mexuoic  fauna,  liave 
become  totally  extinct,  leaving  only  Uzards  and  Snakes,  Turtles 
and  Crocodile:*,  and  a  fi-w  ChorisioJera  to  repre^^nt  the  clans.  But 
C'cnozoit  life  is  not  distinguished  f rctm  Mcsozolc  merely  by  negative 
characlers;  it  has  iu  positive  features  as.  welt.  The  plants  and 
invertebrate  animals  nearly  all  belong  to  gfacnt  which  are  still 
living,  and  the  pmponion  of  modern  sptcUs  steadily  increaNC*  a.s 
we  approxim-itc  the  present  lime.  The  Fishes,  Amphibia,  and 
Reptiles  differ  but  little  from  those  of  modem  limes,  and  the  Bird.i 
taki-  on  ihe  diver*ity  and  relative  imporlana-  which  rharactcrize 
them  now.  Above  all,  the  Mammals  undergo  a  wonderful  ex- 
pansion and  lake  the  place  of  ihe  vanished  repliles,  giving  to  Ccno- 
zoic  time  an  altogether  dilTerent  character  from  all  that  went  before 
it.  Tlu;  great  geographical  ami  climatic  changes  pniduced  migra* 
tions  of  land  animals  and  plants  upon  a  grand  scale,  from  continent 
to  icxiiinent  and  from  xone  lo  zone,  the  a-sult  of  which  i:<  the  <lh- 
iribution  of  living  beings  over  the  earth's  surface  as  we  find  it 
lo-day. 

There  is  some  dilTerencc  of  usage  regarding  the  subdivisions 
of  the  Ceno»>ic  grt>up,  though  the  differeiKe  i>  |)rinci)>ally  with 
refen-iMT  to  ihe  rank  of  those  subdivisions.     We  shall  follow  the 
Usual  American  practice  of  dividing  the  group  tntu  \.<hu  vfthcnc^, 
the  Tertiary  and  Qualrrftary. 
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CENOZOIC  ERA— TERTIARY  PERIOD 


THE  TERTIARY   PERIOD 

The  names  Ttrtwy  and  Quatrrtfiry  arc  remnants  of  an  M 
l^lo^cal  nomenclature  which  ha^  lo^t  lis  significam-x;,  and  were 
proposed  when  the  whole  guc('cs§ion  of  strata  n'ss  believed  to  be 
(iivi.tibli;  into  four  pwups,  called  the  Primary,  Saondary.  Terlinry, 
and  Quatfrnary,  rcspccti^xly.  When  it  was  learned  that  there  were 
groupit  and  AVAleni.t  much  older  than  the  so-called  Primary,  the 
name  Palaoiok  was  substituted  for  Primary,  as  was  ifeitnou 
for  Sefondary,  though  the  latler  term  is  Htill  used,  e*|»crially  in 
ICngland.  The  niimc  Tertiary  hus  ihus  Inst  its  meaning,  but  '» 
nevertheless  n^tuined  us  a  division  of  the  Cenozoic  group  or  era. 


TERTIARY  FORMATIONS  OF  THE  UNITED  STATES 


Burapwo 

WMtva  lulvfwf 

«uK  Bordn 

tMMaBMdM 
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FtnrUii 

or 
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I'hlpeli 
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BillaRiiiB 
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CUfiMnc 

rifOH 

hlMMH 

'I'hiiKiMii       rromloD  >  Fan 
Mwliun           {pua»     '  L'nlaii 

Uidny 

r 

The  great  revolution  which  closed  the  Cretaceous  and  inaugu- 
rated Ihc  Tertiary  h.is  left  its  eficcts  visible  in  all  Ihc  continents, 
but  the  gap  between  the  two  period;^  is  nut  everywhere  ihe  samc- 
ThU  revoltition  gave  to  North  America  nearly  its  present  outlines, 
for  the  land  connections  wlih  Europe  and  Asia,  which  were 
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f  iii,  30^.  —  Map  of  Nwih  Ani«i<«  in  ihr  Ttniarj  pciiod.  BUich  ktcu  -  known 
cxpoiurei  ol  marine  Tcnliiy;  while  a  land;  lined  ucu  — Ma;  tkHlcit  Kf*a* 
•^  CDDtlneotnl  tormstlons 
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rrum  time  (o  time  interrupted  and  renewed.  In  con.'cciuenL-c  uf 
this,  mjirinc  Tertiary  t)cdM«:rur  only  along  the  Ijordersal  ihccon- 
tinoiit,  while  the  Tertiary  of  the  interior  b  all  of  coniineniat  (wifcin. 
In  otlwr  conlil»^!nl^,  and  w.|>«iaily  in  F.un>pe,  tht  di->tnl>uiion  irf 
land  and  sea  was  verj*  different  in  tbc  Tertiary  from  what  it  a 
now,  and  the  tiifKjgraphy  uf  the  land  wax  profoundly  altered  in 
the  course  of  tlK  period.  Some  of  the  highest  mountain  raitf^s 
of  the  earth  werv  u[>l»eaved  in  Terliar)'  linteit,  stKh  a^  Ibe  .^tla^, 
the  Alp«,  the  Caucasus,  and  the  llimnlayas,  and  many  ranges  of 
earlier  dale  were  .'Uibjccted  tu  renewed  compresiiiun  and  upheaval. 
That  Terliar}'  mountains  arc  high  is  not  due  to  any  extreme  de- 
gree of  compre^iofl  a.**  compared  with  that  whkh  produced 
older  ranges,  but  merely  to  Ibc  y<«Uh  of  the  former;  <li:nudalion 
bos  not  yet  had  time  to  sweep  them  away. 

The  Tertiary  system  or  [x-ri<Nl  is  divis!l)le  into  five  wcll-dislin- 
guiihcd  scries  or  epochs,  which  may  usually  he  idcmitied  in  both 
the  marine  and  continenial  furmationn;  but  fur  lack  of  common 
fosidk  it  is  not  yet  possible  to  correlate  the  stages  and  subsl3g» 
of  the  interior  rv^on  with  tho.->e  of  (he  coast.  In  the  preceding 
table,  therefore,  no  exact  comparison  of. these  minor  subdivisiom 
h  intended. 

The  name  Tertiary  was  given  by  Cuvicr  and  Brongniart,  early 
in  the  last  century,  to  the  succession  of  marine,  brackt^-water,  and 
freshwater  l»c<ls  in  the  Paris  basin.  Sir  Charles  I.yvU  many  yean 
later  |>roposed  the  division  of  the  Tertiary  into  three  part.*,  I-^'eoe 
(from  the  Greek  eos,  the  dawn,  and  tainos,  recent),  Miocene 
(meion,  less,  and  kaina'i),  and  Pliocene  (plrim.  more,  and  kainos), 
a  scheme  which  is  ^lill  used,  modifiiil  by  Beyriih  through  the 
insertion  of  a  fourth  epoch,  the  Oligocenc  (fligos,  little  or  in  small 
degree,  and  kainos).  Last  of  all,  the  lower  Eocene  has  l>een  Mpa- 
ratcd  under  the  name  Paleotene  {puiawi.  ancient,  as  in  PalaxKioic) 
a  cban^  proposed  thirty  }-ear$  ago  by  the  bolani.tt  Schim|XT,  but 
only  lately  coming  into  wider  favour.  It  has  become  cuslomarr 
lo  distinguish  between  the  older  and  newer  part*  of  the  Tertiary 

'  grouping  togetlier  tlie  F.oc«nc  an<l  Oligocenc  into  the  Palaogoit, 
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THE  PALEOCENE  EPOCH 

iind  llic  Miocene  and  Plioreiie  inui  Ihi-  Xeogene.  Eorrtie  jlikI 
Nr»<rnt  are  cmpIo^Ttl  in  the  same  wray,  but  this  is  objectionable 
because  it  is  using  EoctiK  in  two  diScrcot  sensci>. 

The  Paleockne  Epoch 

The  term  Paleoffttr  has  noi  Iwcn  used  by  .American  geologicat 
wrilera.  who  have,  however,  frcquenlly  employed  ihe  more  non- 
committal name  of  ixist-Crciatcoits.  It  will  be  nn  advantage  lo 
(oilow  the  European  usage  wherever  this  can  be  done  to  express 
(iu  1*  iif  (-ntTcs|)un<Ien(.%  Ijetwecn  ihc  twti  continents. 

American.  —  Marine  formations  of  this  epoch  have  not  yet  been 
diMtnilly  tdentil'ied  in  North  America,  though  in  the  tahtc  the  Mid- 
way of  Ihc  Gulf  region  has  been  s>roviMonaIly  placed  in  that  scries. 
On  the  other  hand,  exlc^»)^-e  arean  in  the  weAtern  interior  arc  refer- 
ai>lc  lo  it.  In  the  region  of  Ihe  Kocky  Mountains  and  northern 
piainK,  the  Denter  and  I.ivingslone  twds  may  cveiiludly  prove  l<> 
be  a  part  of  the  I'aleoccnc  scries,  a  correlation  which  is  favoiured 
by  the  plants  which  Ihey  contain.  They  also  contain  remains 
of  Dinosaurs,  and  though  il  h  not  at  all  in)|wssihle  that  «ome  of 
these  great  rcptiiei^  sJiouId  have  sunivcd  in  the  eariiest  Tertiary, 
thvy  an-  not  yet  known  lo  have  done  so.  The  oldest  known  beds 
which  arc  definitely  assignable  to  the  Paleocene  are  thooe  of  the 
/'ffrf  Onwn,  a  formation  with  a  maximum  thickness  of  2000  feet, 
whichcovcrs\xry  large  areas  in  Canada,  Montana,  North  Dakota, 
an<l  easlcni  Wyoming,  and  is  comiw^^d  of  sandstones  and  clay 
rocks.  In  Montana  il  lies  conformably  on  the  Liriiigsiione,  and 
in  Wyoming  there  is  an  apparently  unbroken  succession  from  the 
Laramie  into  the  Fort  Union,  barren  sandstones  between  the  two 
|>rol>ably  rcpn>enting  ihc  l,ivingstone-Dcnver  scries.  Originally 
referred  to  the  Tertiary  on  account  of  its  plants,  ihe  paction  of  the 
Fort  I'nion  hus  been  confirmed  by  ihc  linding  of  a  considerable 
numbrr  of  mammals  in  it.  Tiie  conditions  under  which  these  beds 
were  formed  have  not  luren  clearly  dcicrmincfl.  That  they  may 
have  been  partly  lacustrine  is  indicated  by  the  presence  of  fre^i- 
water  shells  in  s<wnc  localities    Olhcr  parts  arc  probably  flood- 
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pUin  deposits  and  othcn  again  entirely  KutiaPrial.  Beds  with 
•iimi]ar  pJanU  have  been  found  in  Greenland  and  Al&aka. 

A  somcwhal  difTcrent  facies  of  ihc  Palcmrne  occurs  in  north- 
western New  Mexico  and  southwestern  Colorado  in  a  formation 
nhich  also  Ilux  in  a|>[>3rent  rotiformily  up<m  the  Lunmie.  In  these 
beds,  which  are  about  800  feet  thick  aiid  mostly  barren  of  fosaik, 
are  two  NCparate  horixon.*,  which  have  yielded  numrmtis  fossil 
mammals,  and  each  of  which  has  its  ou'n  characteristic  fauiu. 
Thi-  lower  and  older  of  ihe«e  horizons  is  the  Puerro,  and  the  higher 
the  Torrejon,  the  Fort  Union  corresponding  10  bo*h  toother. 

Foreign.  —  In  norlliern  Pala^nia  in  a  continental  formation, 
called,  from  one  of  its  most  characteristic  fossils,  the  Nolostylopj 
bub,  the  mammals  of  which  sugigest  correlation  with  llie  Pucrco 
of  North  America. 

In  F.itrnpt  3  rapid  elevation  of  the  continent  had  occurred  tn 
the  latest  i>hases  of  the  Cretaceous,  follovrcd  at  (lie  I>cginmng  of 
the  Tertiary  by  numerous  minor  oscillations  of  level,  which  oci-a- 
sioned  a  cniilinuid  struggle  U-Iween  land  and  wa  and,  ;ls  n  result, 
"  the  Paleotene  does  not  consist  of  purely  marine  deposits,  but  of 
B  Trpcate<)  alternation  of  marine,  brackish,  and  frej.li-water  for- 
mations." (Kay^cr.)  The  sands,  marls,  and  limestones  thus 
produced  cover  a  large  area  in  the  north  of  France,  Belgium,  and 
the  south  of  England.  The  upper  portion  of  the  scries  near 
Rheims,  In  France,  contain-i  a  mammalian  fauna  so  lilte  that  of  the 
American  'i'om-jon  as  to  indicate  not  only  a  correlation  with  that 
hori/.on,  but  also  the  existence  of  a  land  bridge  between  the  two 
continents,  which  permitted  the  migration  of  Icm^trial  animals 
from  one  to  the  other.  Paleocene  beds  occur  also  in  Denmark 
and  in  central  Ru.'<Aia  and  in  souibem  Europe;  in  the  south  nf 
France  and  the  Pyrenees,  it  is  represented  by  trtsh-water  beds, 
while  tn  I-"gy]>l  it  i*  marine. 

Climat*.  — The  earliest  Tertiary  Soros  of  Greenland  and  Alaska 
idiow  that  the  equable  conditions  of  the  late  Cretaceous  continued, 
btit  those  of  F.n^Vand  mAicaVc  nvewlv  a  temperate  climate  in  ihil 
ialiiude,  where  in  ite  ttMe  t«c«>R  V. \yacMWE Mai?«a^. 
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The  vcftctation  of  the  Pulcoccnc  is  of  cMcntiatly  ihc  same  kind 
as  (hat  of  the  lattii  Cretaceous,  the  difference  between  the  t»'0 
iteing  principally  a  mailer  of  species.  Among  the  marine  inver- 
tebrates, which  are  siili  very  incomplclcly  known,  the  most  impor- 
tant feature  to  be  noted  is  a  negative  one;  namely,  the  almost  uni- 
versal and  complete  absence  of  the  characteristic  Mesoioic  types. 
Ammonites.  Belcmniies,  and  ihe  like.  0(  the  land  iinimaN,  the 
more  or  less  aquatic  reptiles  allied  to  ihc  Rhynchoccphalia,  the 
Ckoristodtra,  isurvived,  but  all  the  other  Mescuoic  orders  of  rep- 
tiles vanished  in  whut  appears  to  be  a  slartlingiy  sudden  way; 
DO  trace  of  the  Dinosaurs,  Pterosaur^,  Ichlhyixsaun,  PlesiuMiurs, 
Mceasaurs,  etc.,  has  been  found  in  the  Paleoccne.  On  the  con- 
Iraiy,  the  Mommnh  haw  greatly  invrea-sed  In  numlwrt  and  im- 
portance, but  arc  slili  extremely  primitive  and  very  like  those  of  the 
late  Cretaceous;  with  one,  or  perhaps  two,  exceptions,  tliey  all 
belong  to  extinct  orders  ami  are  nf  small  or  m»«tcrate  size,  not  a 
.tingle  larjjc  one  h.iving  been  found.  The  close  relation  with  ihe 
Mcsoxoic  is  -teen  in  ihe  presence  of  sen-ral  of  the  Multiiubfreulala; 
the  last  and  largrst  of  the  order.  Polymastodon  and  PlUodus,  the 
latter  a  survival  from  the  l.aramie,  are  the  cnmmon  genera.  The 
primidve  flesh-caters.  Crcodoula,  and  )>rimitive  hoofed  animaU, 
Cand'^arlhra  and  AmUypod<3,  are  abundant,  and  Ihe  very  curious 
extinct  orders  of  the  TiUodonla  and  TanUtdonta,  and  primicv^ 
Lemuroids,  and  perhaps  Imutiv&ra,  complete  the  Int.  The  M- 
vmlijagc  is  an  extremely  arrhaic  one  and  notable  for  Ihc  absence 
of  the  characteristically  Tcrti.iry  pnups;  there  are  no  Monkeys, 
RodenLt,  Bat»,  true  Carnivore*,  Aniod.tclyls  Perissodactyls,  or 
any  of  the  other  higher  orders  of  mammals. 
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Amertcan.  —  Along  the  .Atlantic  and  Gulf  borders  ihc  coastline 
of  the  Eocene  closely  follows  that  of  the  CTe\We"\i*,  tA  ■w\v\Or  wc^l 
a  nanww  s/n)>  separates  the  Eocene  from  iVwtTxasac  ^i\4. ':rj^''^- 
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line  rocks  of  the  Picflmont  plain.  The  unconformily  l»ctwc*n  ibe 
CrttaoHiu.s  aiid  E<icfnc  indicates  that  alung  ihiN  ciuM  the  latter 
period  had  been  inaugurated  hy  an  eiKTouchmcnt  of  (be  sea  upon 
(he  land.  The  Mi.vstssippi  cmba^'ineni  bad  nearly  ihe  same  fia 
and  form  as  Wore,  extending  up  to  the  mouth  of  (hi- Ohio.  Flor- 
ida vra»  entirely  submerged,  oa  was  mwl  of  Central  America,  cutting 
off  the  northern  fnwn  the  southern  continent.  On  the  Atlantic 
coa.tt  the  Emeiie  rock.s  are  uncun.wlidaled  naQd-t  and  days,  wtih 
some  glauconitic  grcensand.  jmnicularly  in  New  Jersey.  Thej 
fiwm  a  narrow  lx;Ji  thmunh  Xcw  Jersey,  Maryland,  and  Virginia, 
widening  into  u  quite  linuid  lund  through  the  Carulinas  and  the 
Gulf  S(atc»,  and  extending  around  the  borders  of  the  MiMt.<Bi|^ 
cmbaymcnt  intw  Tcx*^  In  ihc  fiulf  region  the  xurks  arc  more 
consolidated,  and  arc  (fuiie  hard  limestones,  sandstones,  and  shales 
with  extensive  deixwis  of  lignite,  forme*!  !n  ancient  jieai  hop 
which  followed  Ihc  low-lying  Cliilf  shores;  some  of  these  Ugnitic 
formalions  may  tic  more  pri>|H;rly  referable  to  ibe  PaletKcnc. 

On  Ihe  Pacitic  coast  a  long,  narrow  arm  of  the  wa  occupied  tbc 
gn-al  valley  of  California,  extending:  northward  into  Oregon  and 
Wa.-^hingian;  its  deposits  are  at  present  principally  displayed  along 
the  ea-sirrn  flank  i>f  the  Coa.'vl  Kan^p;.  ITie.'*  dcposii.-.  fiirm  a 
single  series,  ilic  Tcjon,  which  lies  upon  the  Chi<o  in  apparent 
conformity;  hut  the  lowest  Eocene  is  not  represented  in  theTejon, 
and  in  Oregon  an  unconformity  between  the  two  wrie*  has  been 
detected.  The  presence  of  Atlantic  .species  in  the  Eocene  of  Cali- 
fornia indicates  that  the  barrier  Ijetwcen  ihc  oceans  which  hail 
exixied  in  Ihe  Cretaceous,  wassubmergedfora  time. 

In  the  western  interior  the  Eocene  formations  with  the  enccp- 
lion  of  a  few  small  areas  in  Colorado,  arc  all  confined  to  lite  plateau 
region  west  of  Ihe  Rocky  Mountain*.  Formcriy,  they  were  con- 
aidcfed  to  be  lacu.strinc  deports,  but  this  explanation  is  applk 
able  lo  only  a  snudl  ]>art  of  tliem;  they  are  much  more  generally 
due  lo  the  subaerial  agents,  rivers,  rain,  and  the  w  ind.  in  the  wort 
of  Ttlling  basins  oi  sWw  Ai^tw-SiWi,  livwime  in>lances,  at  least, 
Ihc  material  ol  iVwscUds&^t'vwdvAVj  ^«w'nihK«i*.?A  «*.*«*, 
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exlen»J«!y  disitribmetl  as  to  prove  pfeat  volcanic  activity  in 
die  region.  Il  has  nut  yet  Ijccn  (IctcTmincil  liow  grnerally  the 
formations  urv  buill  u|>  uf  Ihex:  volcanic  malcrials.  Whaiex'rr 
the  mode  of  Ihcir  accumulalioD,  the  Eocene  stiigcs  arc  remarkably 
complete  und  have  pri:.»eiTcd  u  marvellous  ri;<-()r<i  o(  the  *ucce»iw 
fauiia.4  of  ihe  epoch,  nfiith  regUtcrs  not  only  ihc  changes  in  ani- 
mal life,  bul  also  Ihc  shifting  lan<l  omiicctions  wilh  the  other  con- 
tinents. 

The  oldest  and  mo*t  widely  spread  of  these  Eocene  $la^-s  is  llie 
Wasakk,  the  [irincifKiI  area  of  which  extends  from  New  Mexico, 
over  eastern  I'tah  and  western  Colorailo.  to  the  Uinta  Mountains, 
around  the  ca.ileni  end  of  which  it  pa^ises  in  a  narrow  band,  ex- 
panding again  north  of  the  mmintains  ami  covering  wmlhwestem 
Wyoming.  As  the  Wastatch  is  in  many  places  buried  under  newer 
riK'k)!,  it  is  110I  certain  thut  the  1)cds  are  continuous  over  this  great 
area  of  450  miles  long  by  25°  "n'es  wide  in  the  broadest  part,  but 
there  Is  no  n;a.«on  to  sup|HiNe  thai  they  were  not  originally  so. 
Another  great  boiiy  of  Wnsalch  strata  occupies  the  Big  Hom  Basin 
of  nonhwestern  Wyoming,  extending  into  southern  Montana,  and 
two  small  areas  in  southern  Colorado  :ire  referred  to  the  same  date. 
The  thickness  of  the  Wasatch  varies  from  1500  to  1500  feet. 

The  ll'iW  Rhtr,  the  second  of  the  Eocene  stages,  apin-ars  to 
be  present  in  two  distinct  facies,  though,  as  ibc  two  contain  no 
common  ^)^■'il«,  the  correlation  is  open  to  some  doubt.  The  l>eds 
of  the  typical  facies  occupy  the  Wind  River  Basin,  north  of  the 
muuniaiiu  of  that  name,  in  central  Wyoming,  und  contain  many 
remains  of  mammals,  and  also  occur  in  the  Huerfano  CaAoo, 
D>loradu.  The  second  facies  (Grtm  fChrr  Shuln)  occupies  the 
same  position  stratigraphically  that  the  Wind  Riv^cr  docs  palxon- 
lnlopcatly,  following  uiH>n  the  Wasatch  and  o^-erlaid  )iy  the  Bridger. 
This  fades  is  lyjiically  displayed  in  southern  Wyoming  in  the  valley 
of  ibe  Green  River  and  is  a  thick  liody  of  very  finely  laminated 
"  paper  shales,"  which  seem  to  have  been  deposited  in  a  very 
xhallow  lake,  and  have  preserved  an  exiraontiivirv  wv^invW^  vk 
pianist  insixts,  and  lishes,  but  no  tnMnmaV^  Wvc  \»«a  ^^»■o&^ 
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except  in  ihe  form  uf  f<)(>lprint».  OccaMonal  oTsUls  of  gypsum 
indicate  that  tbc  water  became  salt,  at  kast  locally,  while  the  pm- 
rncc  iif  MK'h  fislie*  lu  the  Ritrv  pciint.-s  In  trommunir.ttion  with  the 
sea.  The  third  of  the  Koccrtc  stages  is  the  Bridger,  of  south- 
western  Wyoming  aitd  nurthea.iteni  Utah,  which  li«  upon  the 
Green  River  Shales,  overlapping  these  east  and  west  and  extend- 
ing <n-cr  ujion  the  Wa«l<h.  The  Bridger  l>cds  ar«  very  largely 
made  up  of  i-olcaoic  ash  and  dust  depo^jted  partly  on  land  and 
|>artly  in  shallow  tir  peritidical  lakes.  The  remaiwi  of  itshe>. 
crocodiles,  and  non-morinc  shells  scattered  through  the  l>cds  i^ 
a  (noof  of  svbaqueouH  deposition,  and  Ilie  targe  selenJIc  cryslak 
(see  p.  lo),  which  frequently  occur,  indicate  that  the  water  was 
occasionally  sirungly  >aline. 

These  Kocene  continental  deposits  arc  principally  sands  and 
clays,  with  occaiional  banks  of  oonglomerale.  They  are  nwre  or 
less  indurated,  but  usually  quite  soft  and  we.nlher  rapidly,  giving 
rise  to  the  characteristic  bad-land  scenery  so  frequently  mentioned. 

While  the  maminals  of  the  Wasatch  age  are  so  largely  identical 
with  those  of  Kurope  that  an  easy  way  of  land  migration  must  have 
been  0[»en  between  the  mnlinenls,  the  Mmilarity  Itecomes  lr*s 
and  less  and  the  two  faunas  follow  such  diirrgcnt  lines  of  develop- 
ment through  the  Wind  River  and  Bridger  ages,  that  the  coniKC- 
tion  between  America  and  Europe  must  evidently  have  been 
Interrupted.  A  brief  cunneclion  with  South  .America  U  »ugge«ted 
by  the  very  unexpected  disco^'cry  of  an  Armadillo  in  the  Bridger, 
lhouj;h  it  h.  [wxtible  that  this  animal  was  a  survival  from  iIk  con- 
nection which  existed  between  North  and  South  America  in  laic 
Cretaceous  or  Paleocene  times.  If  so,  the  ancestors  of  tlte  Bridger 
annadillo  yet  remain  to  \x  discovered  in  the  Wind  River  and 
Wasatch. 

The  Eocene  epoch  was  brought  to  a  close  by  a  series  oS  man- 
ments  wliich  added  a  narrow  belt  of  land  to  the  Atlantic  and  Oolf 
coasts.  In  llie  interior,  tlw  jihleau  rvgionwas  elevated  and  drained 
and  did  not  again  become  an  area  of  extensive  deposition.    A 

eat  mountain- making  disturbance  followed  the  Bridger  age, 
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i-aiing  ihc  mountain  ranges  to  which  Ihc  post -Cretaceous  dis- 
lurtutiices  had  given  birth  and,  ii)  the  neighbour  hood  uf  these 
mountains,  tilling  and  upturning  the  liocene  strata. 

Foreign.  — The  Old  World  Eocene  has  a  very  difTerent  det-el- 
opmcnt  from  that  o(  North  America,  the  eastern  continents  not 
aMuminj;  tlieir  pretent  outlineti  till  much  later.  At  the  close  of 
the  Cretaceous  period  cttcnsivc  geographical  changes  had  taken 
plaec  ill  Europe,  cunMniing  cliielly  in  the  retreat  of  llie  iiea  from 
wide  areas  which  it  had  occupied  in  the  Cretaceous.  This  was 
csj>«iiill)-  the  ca.'ic  in  Russia,  northern  Gerntany,  and  France,  and 
southern  England,  ami  in  ptnce  of  Ihc  great  gutf  which  bad  occu- 
pied these  rcKions  (see  p.  712)  were  found  only  scattered  l>odIe.-i 
of  fresh  and  brackish  water  in  which  the  Palcocene  deposits  were 
laid  down.  At  a  later  time  the  sea  again  advanced  over  part  of  these 
areas,  which  explains  ihc  general  unconformity  l>etwecn  the  Cre- 
taceous and  Teniary  strata.  In  southern  Europe  tlie  Mediter- 
ranean reguinc<l  the  great  expansion  which  it  hiid  partly  lost  in  the 
latter  pari  of  the  Cretaceous,  extending  far  over  northern  ,\frica, 
where  nearly  the  whole  continent  north  nf  the  equator  was  sub- 
n>crged  in  the  early  Eocene  sea,  and  Iransgrcssing  over  southern 
Europe.  A  lung,  narrow  .arm  of  ibis  sea  extended  from  southern 
France,  past  the  north  side  of  the  future  Alps  and  Carpathian^ 
intii  weslern  .A«a.  Another  narn)w  sea,  or  strait,  extended  down 
the  cast  side  of  the  Ural  Mountains,  from  the  .-Vrctic  Ocean  to  the 
rx[>anded  Mcditerraneiin.  completely  cutting  off  Europe  from  .Asia. 
Tht*  complete  severance  of  Europe  from  Asia  necessitates  an  in- 
()c)>en<]cnt  land  tonneclion  of  ibc  former  with  North  .America  to 
explain  the  community  of  terrestrial  animals  and  plants  betn-een 
thew  conlinent'i.  Fmm  .\sia  Minor  the  Mediterranean  exteivHcd 
acroM  Persia  and  Turkisian.  nonbem  India,  Borneo,  and  Java. 
10  the  Pacific,  Acparating  the  southern  peninMilas  from  tlu:  -Astatic 
mainland.  There  was  thus  a  continuous  sea  around  the  earth, 
ewrj'where  separating  the  soullicrn  continents  from  the  murthern. 
tbougb  transient  connections  between  them  may  have  been  es- 
tablisJted. 
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III  (he  fUpinc  and  north  AJritan  rcfpons  were  accuruulntecl  Ihick 
mii5»o  uf  liinr-MDiie,  lafgely  eor»|H)s<;(t  of  the  ^^^tk  foraminiferai 
shells  called  SHmmuiites,  a  hard  moMiv^  limestone  wlikli  reaches 
a  thi<:kiiev%  of  several  iJiousandit  of  ft-ct.  Closely  associated  with 
the  Nuinmulitic  (acics  of  the  Eocene  is  the  ftysfA,  an  cxtrrmely 
thick  mass  of  saiidjitoncs  and  shafts,  which  occtir*  in  the  Alp* 
and  Apennines,  the  Carpathians  and  Balkan  Fenin.tula,  the 
Cauca»us,  A^iiaMinor,  and  suulhcm  A>ia  jtc^neraily.  In  the  Aipinc 
region  the  I-lysch  contains  enormous  erratic  blocks  of  granite, 
gneiss,  etc.,  which  appear  to  have  come  fn>m  MiutlKm  Hohcmia. 
and  which  hare  been  intcT]>re(cd  as  due  to  transfMniatEon  by 
giacicrs.  This  interpretation  has  not,  howerer,  I)een  <'stal>li<he<I 
In  northern  Kur(>|»c  ni>  such  widely  spread  fomialions  <itcur. 
After  the  Korenc  had  continued  for  some  lime,  a  niuine  basin, 
the  Anglii-G.illic,  wa^  formed  owr  stxilhcrn  Ivngland,  norlheni 
France,  and  Belgium,  which  contains  a  succession  of  altemating 
marine,  !)racki.<h,  and  fre-sh-water  Mrata.  Thi^  bajiin  b  cJas^ 
ground,  for  in  it  were  made  the  studies  of  Cuvicr  and  Brongniart. 
which  led  to  the  re-cngiiilicm  of  the  Tertiary  as  a  diKlin^:)  system 
and  founded  the  science  of  I'ala^jntology. 

On  i)ie  west  coast  of  Africa  the  sea  encmached  in  »  naiTow 
belt.  The  correlations  of  the  early  'Icrtiary  rocks  of  Austretii 
and  \ew  Zealand  are  still  tho  subject  of  debate,  but  there  scon* 
to  be  Uttie  doubt  thai  the  Eocene  Is  present.  In  South  Ametita 
llie  FxKcne  of  Patagoiil;!  consi.ii.-'  uf  a  series  of  continental  (te]>i)»lt* 
containing  a  highly  interesting  succession  of  mammals.  I'he'e 
grow  more  and  more  divergent  from  the  mammals  of  the  norlli- 
cm  continents. 

Tite  EiK-cne  thus  had  ttroad  seas  where  now  U  land,  and  cuc- 
tinenis  now  connected  were  then  separated  by  straits  and  sound*. 
On  the  other  hand,  there  were  then  land  bridges  jiitniiig  \xaA 
areas  which  arc  now  far  apart,  Some  of  tho*-  land  bridges  mav 
!«■  fwnnstrucied  with  nniih  cunfidence,  while  otI>ers  are  more  "t 
Jess  proliaWc.  America.  ■«»*,  connected  with  Asia  across  what  ^^ 
now  Bering's  Sea,  aM  a\»«  'KW'ft  V.>wtn^«.vfSwJA-s\>s  Mv^iteaiion 
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of  Greenland  und  Irelani).  The  Anlurrtic  n)ritinenl  apparcnlly 
hod  a  much  greater  cxtcnuon  than  it  has  now,  and  seems  to  have 
iK-en  joined  with  liulh  Australia  and  South  America,  ll  h  <)uilc 
po^iblc  that  Afriia  nas  more  or  less  directly  connected  witti  the 
same  land  mass,  tf  this  be  true,  then  in  E<x:ene  time^  (he  nmlh- 
ern  continents,  Europe  and  Asia,  were  joined  in  the  .\rctic  latitudes 
by  way  of  North  America,  while  South  America,  Africa,  and  Aus- 
tralia radiated  in  three  great  lines  from  the  South  Pole.  Betw^ecn 
the  twi>  serie.i  of  continent^,  northern  and  southern,  swept  the 
transverse  seas,  of  which  the  Mediterranean  and  Carihl>c.in  nir 
remnants. 

Climate.  — The  Eocene  climate,  especially  as  inferrcil  from  the 
plants,  was  wanner  than  that  of  the  Paleoccnc,  In  England,  for 
example,  the  lemi>cratc  Unra  of  the  lalli-r  epoch  was  followed  l>y 
one  of  subuupical  character,  and  in  North  America  the  subtropi- 
cal tone  extended  rourli  farther  mirth  than  in  rnvni  tirne^. 


EorrtK  Lt/t 

Except  for  the  Vertelwates,  Eocene  life  is  chiefly  instrudiw 
from  the  manner  of  its  distribution  over  the  globe.  Invertebrates 
and  plants  are  nearly  the  ume  a.s  modern  forms,  the  genera,  fur 
the  most  part,  still  existing,  though  the  species  are  nearly  all 
extinct. 

Plants.  — The  Eocene  flora  of  North  .America,  which  is  very  rich 
and  varied,  is  found  presencd  in  widely  M-[)arate<I  localities,  — 
Canada,  Montana,  Wyoming,  and  Idaho.  Besi<ics  Kerns  and 
H<)rsctails,  this  flora  includes  some  Graises,  Bananas,  and  many 
noble  Palm*  (Fi^.  304),  Myrtles.  Bee<hes. Oaks.  Willows  (XVI.  i). 
Poplars,  Elms.  Sycamores,  Laurels.  Magnollaj^  Maples,  Walnutit, 
Piiics.  Spruces,  Arbor  Vitje,  and  the  like.  Even  in  Greenland  and 
Alaska  was  a  luxuriant  growth  of  forests  of  a  temperate  character, 
such  as  could  not  exist  there  now. 

The  European  tlora  has  a  more  decidedly  tropical  character 
than  thai  of  North  America,  ini  eontiuns  \Aanv»  ^Xkmc  v(r.'« 


of    pbntK    in    the 
Eocme  wax    lhu«  very  (lilTcrcnt  fnxn  vrhni  it  is  at  presenL 

Animals.  —  Foraminiffra  of  relatively  enormous  «t«  aboundcfl, 
iind  their  shells  mukr  up  grrat  rtKk  ma.iWN.  Orbil^ilej  is  x  cun- 
spicuous  genua  along  our  (Julf  coasts.  XummiUiia  in  ibc  Old 
World.  Corals  are  completely  raodt-m  hi  character.  The  Sea- 
urchins  and  especially  the  Irregiilarfs  are  much  the  nxHl  im|Hirl 
repTwntativvs  of  the  F.ikinodtrms.  Of  the  MoUttua  both  Bivalv 
(Pi.  XVI,  Fijts.  a,  3)  and  Cailropods  (XVI.  4,  5)  iiKrcsisc  greatly 
and  are  very  rich  in  sficcies.  Nauiiloid  Cephalopods  are  more 
varied  and  widely  distributed  than  now  (XVI,  8),  and  in  a  fcwliv 
caliliej,  particularly  in  India,  AmnutnUes  and  BHtmnitts  have  been 
found,  bill  these  arc  mere  l>clatcd  stragglers  from  the  Cretace' 
and  are  much  too  rare  to  be  at  all  cfaaracteristtc.  Among 
Cruxtacea  should  be  noted  the  inCTea:w  of  the  Crahf,  wUch 
more  numerou.<i  and  varied  than  in  the  Cretaceous. 

'bt  t'i^us,  both  Vn^\v-"«'A\';t  iwi  miiw\v«,<lvffet  only  in 
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details  (mm  modern  fxshc^,.  I'lu?  Rtptilcs  arc  likewise  csscnlull) 
modern  in  character,  the  Choristodcra  having  died  oul  with  the 
Palcorciw;,  aiid  "(ily  Iwo  poujK,  the  I.Ixard.N  and  Snakes,  are  more 
numeroiti  ihan  Ihcy  had  been  in  Mc?«w>ii  times,  though  llw 
venomous  snakes  had  not  j-ei  appeared.  The  Eoceite  lieds  of  ttic 
West  coDlaJncd  multitudes  of  large  Crocodiles  and  a  great  varieiy 
of  Turtles. 

Koccne  Birds  arc  very  much  more  numerous,  advanced,  and 
divenilied  ihaii  lhii>e  nf  the  Cretaceous;  une  c haratieri.it Ic  feature 
of  the  timc^  was  tlic  presence  in  Kurh>c  and  America  of  extremely 
larg^e,  flij;htless  birds,  more  or  less  like  the  ostriches  in  apgwarancv. 
Of  flying  birds  there  were  many  kinds;  Owls,  Kagli-s,  Buzzanb, 
Vultures,  <iulls,  Waders,  Woodcock.  Quail.  Ibis,  and  Pelican.^  art 
represented  by  anccistral  forms,  Komewhat  different  from  their 
modem  descendants. 

Tile  Mttmmali  have  develo|*ed  in  n  manellous  way  since  the 
CrcUc«>us,  assuming  in  terrestrial  life  that  dominant  place  which 
they  have  ever  ^iiice  held.  Cumjiarcd  with  the  evolution  of  other 
animal  groups,  that  of  the  mammals  has  been  so  rapid  that  each 
stage  of  the  Eocene  ha.N  iu  uM-n  mammalian  fauna,  differing  fmm 
those  of  the  preceding  and  succn-ding  stages.  Besides  these 
geological  dilTerem-e:!'  betw-een  the  succeitsive  mammalian  atvem- 
blagcs,  there  are  often  marked  geographical  diffcrettces  between 
tlie  fatmas  which  are  of  approximately  contemporaneous  age, 
but  widely  separated  in  space.  Comparing  Eunifw  and  North 
America  in  \hU  respect,  we  find  thai  in  the  Eocene  each  cott- 
dncnt  had  its  own  peculiarities,  but  that  the  land  connvction  be- 
tween them  allowed  intennigraliun  and  thus  kept  up  t  cUtte 
general  similarity  in  their  mammals  in  the  Lower  Eocene,  but  thi* 
connection  wai^  interrupted  and  tlie  faunas  of  the  middle  and  Utcr 
portions  of  the  epoch  diverge  more  and  more  in  the  two  continents- 
The  southern  coniinenls,  on  the  other  hand,  had  altogether  different 
mammalian  faunas,  due  to  their  long  septu-ation  from  the  nortbem 
lands. 

The  change  irom  Avt:  VsitvK^n.^  noxMRoiia.  \»  xhme  of  th* 


EOCENE  LIFE 

Wabatch  was  v«>-  abrupl,  though  no  grcii  time  inierval  h  Invoh-crf, 
and  in  Europe  the  change  was  equally  sudden,  most  of  the  archaic 
McMxoic  Xypct,  goinfi  nut  nnd  those  uf  more  modern  character 
replacinj;  them.  Evidently  this  w^  due  to  on  intlux  of  mammaU 
from  some  region  >till  unknown,  and  hardly  at  all  to  a  develop- 
ment of  the  Palcoccne  mammal«.  Rndtnit  come  in  for  the  fir*t 
lime  in  North  America.  Ptrmcdc(ly}s  make  their  first  appearance 
with  ancestral  raemljers  nf  the  Horv  family  {Uyra(oUifnum), 
the  tapirt  {Sysif modem),  and  other  families  now  exlincl.  The 
Wasatch  hor$c  n'os  a  curious  litllr  creature,  not  larf^r  than  a 
domestic  cat,  with  four  toes  on  the  fore  foot  and  three  on  the  hind, 
iiKlead  of  having  only  a  single  (unclional  toe,  like  the  modem 
horws.  The  curious  extinct  group  of  hoofed  animals  called  the 
AmiAypotia  greatly  increoites  in  num1>ers  and  in  stature,  and  both 
in  Europe  and  America  the  predominant  genus  is  Coryfiwden. 
Arliadaclyh  also  appear  for  the  first  time  in  ancestral  memben 
of  (he  Figs  (Eohyus),  and  ihc  Ruminants  {Trigonotatts).  The 
Creodonlx  increase  in  numbers  and  in  the  size  ajid  strength  of  the 
jndinduals,  Pafhyirna  being  as  lai^e  as  a  bear.  Namenius 
LemuToids  and  primitive  types  of  Monktys  (Anapiomorphuj) 
swarmcfl  in  the  trrcs.  The  cnrr«|M>ndcncc  lielwecn  ihc  mammaU 
of  Europe  and  North  America  was  never  closer  than  in  Wasatch 
times. 

The  W1.VI)  River  fauna  is  a  devel<^menl  of  the  Wasatch,  ap- 
parently without  ihr  ailmixlure  of  foreign  elcmenls  by  inimtgra> 
Uoo,  and  there  is  no  such  complete  change  as  at  the  end  of  ibe 
Paleocene.  Kutewonhy  Is  Ihe  appearan<-e  of  the  finl  known 
member  of  the  Pcrissodaciyl  family  of  the  TUaiwihens.  a  family 
which  wax  destined  to  great  expansion  in  the  Upper  Eocene  and 
IxtwerOligoccnc;  also  of  the  earliest  true  Camix'nra. 

The  BxiDOER  mammals  represent  a  steady  advance  upon  tho^e 
of  the  ^\'ind  Ki\-cr.  1'he  Perissodactyls  may  be  said  to  culminate 
in  Ihe  Br>dgcr;  fur  lliough  they  afterwards  readied  much  higher 
stages  of  development,  they  ne^rr  again  had  ihc  ^a.nK  TtXiVw^TO,- 
portaote.    Worses,  s(/U  of  minute  aze,  \)ut  mow  V\i^\n  iEvA.w?R&. 
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than  ihor*  of  the  Wasiitcli,  Tapirs,  Rhinoceroses,  and  'Iltan- 
oihercs  {PaJavsyeps)  are  extraordinarily  abundant.  Corypko- 
don  has  vanished,  but  ihe  wundiTfiil  elephantine,  six-horned 
UinUtArrimn  and  EobasiUus  (Fig.  ^oj)  take  its  place  in  North 
America,  ihougli  not  in  F.uixiik;.  Artiod^-iyU,  Crcodonts,  Kudcnis, 
Xaiodonts,  and  Lemurs  were  more  diversiiicd  than  ever,  and 
Bals  are  found  Iterc  for  the  first  time.  Tlie  remarkable  discov- 
ery in  the  Bridger  of  such  n  distindii.'ely  South  American  type  as 
iin  armadillo  ha.t  already  been  mentioned. 

In  the  Upper  Eocene  seas  great  whale-like  forms  (Zfuglodm) 
of  extraordinary  appearance  and  .ilructure  had  |i;rowii  abundant. 

The  recently  iliwovered  Middle  anil  U|ipcr  Eocene  fauna  of 
F-gypt  is  of  very  great  interest.  The  mammal.s  differ  much  from 
those  of  Eurrt|K*,  hut  there  are  .tome  forms  common  to  bolh  regions. 
The  long-sought  ancestors  of  the  Elephants  have  been  found  in  the 
EgyjXiun  beds,  and  a  very  curious  animal  (A  rstnoifhrrium),  which 
might  be  described  as  a  small  elephant  with  a  pair  of  huge  boms 
upon  ill  narrow  head,  accompanies  ihem. 

Volcanic  eruptions  continued  in  the  Rocky  Mountain  region 
during  ihc  Eocene.  The  VcI!ow*ione  Park  was  a  centre  of  great 
actiWtyi  with  numerous  cones  ejecting  acid  lavas  and  lufls. 


The  Ougocene  Eik)ch 


t^f  American.  —  The  marine  Otigoccnc  is  better  developed  and 
r  Wtler  understood  on  the  Gulf  coast  than  elsewhere,  and  there- 
fore forms  the  standard  of  comparison.  "  It  was  a  period  of 
profuse  invertebrate  life  and  steady  sedimentation,  especially  of 
oceanic  ciepwits  in  water  of  not  always  great  depth.  Some  sooo 
feet  of  strata,  formed  almost  wholly  of  organic  d(!bfis.  were  de- 
posited in  the  jjeninsubr  region  of  Flori<L-i."  (Dall.)  In  thcGuU 
refpon  there  is  no  decided  siraligraphic  break  between  the  Eocene 
and  Oligoccne,  but  a  change  in  the  marine  fauna.  Tlte  Olij^ocene 
is  but  scantily  shown  on  the  .\(Unlic  coasl;  some  \k4* '«*.  *»i 
CoTolSaas  are  refcnvd  lo  it  and  traces  ot  it  occvn  \b  t^««  "^w*^ » 
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but  it  is  f^ncrally  coocraled  beneath  the  overiyinR  Miocene.  In 
liie  western  <iulf  region  (.crtiiiti  tluvutile  bt-cU  oik  [thuvd  in  ihlt 
epoch,  but  upon  iniiuf&cicnt  reasons.  Oligoccnc  limcsioncH  are 
found  in  the  Greater  Antilles  and  very  cxien.iively  in  Central 
America,  which  seems  tu  have  been  nearly  or  quite  submcrged. 
Al  the  end  of  the  lower  divUion  of  the  scries  l!»ere  was  sume 
disturbance,  raising  northern  l-'l'>ri<la  inlu  an  island,  and  shoaJing 
the  water  where  deposition  continued.  The  marine  fauna  of  tiie 
Oligoccnc  is  an  iis^mblage  nf  »urm-w;Ucr  animals,  very  much 
like  those  which  now  live  on  the  coasts  of  the  West  Indies  and 
Central  .America,  s(nnc  nf  the  West  Indian  forms  cxteniling  as  far 
Donh  as  New  Jersey. 

Ou  the  Pacifn-  (.na^l  the  Oligocciie  is  found  in  western  Oregon 
and  British  Columbia  and  very  extensively  in  Alaska,  where  the 
Keitai  formation,  10,000  feet  thick  and  coiitjuning  beds  of  lignite, 
is  exjrased  along  the  const  and  at  many  places  in  the  interior  down 
to  Srilish  Columbia.  The  overlying  \fioceiie  follows  in  apparent 
conformity. 

In  ibe  interior,  Olij^ccne  formations  are  among  the  moat  impor- 
tant of  all  the  continental  Tertiaricg.  The  lower  division,  the 
Uinla,  is  found  in  a  relatively  small  area  of  northeastern  I'lah 
and  northwestern  C"olorado,  whcrr  it  lies  unconfurmably  upon  the 
Bridger,  overlapping  the  latter  upon  the  southern  flanks  of  the 
Uinta  Mountains.  The  Ctnia,  whiih  is  the  !;u*l  of  tlic  Tertiary 
horizons  in  the  platc^iu  region,  is  usually  regarded  as  uppenttOit 
Eocene,  but  Ilx  fauna  allies  it  more  clus<-ty  with  the  Oligoccne. 
Its  mammals  show  that  the  isolation  from  Europe,  which'  bad 
begun  after  the  W'asalch,  »lill  continued. 

The  Middle  Oligoccnc,  or  White  River,  covcre  a  vast  area, 
norlheastern  Colorado,  western  Nebraska,  eastern  Wyoming, 
and  southwcslern  South  Dakota,  with  outliers  in  the  Black  Hills 
and  Morth  Dakota,  and  a  separate  area  in  the  Northwest  Territory 
of  Canada.  The  moiJcof  formation  of  the  White  Riverbeds  has  long 
been  a  subject  of  discu.vsion:  originally  they  were  considered  to  tw 
laL-uslrir^c,  a  \ievi  which  is  supported  by  tlieir  very  regular  strati- 
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ficalion,  but  il  is  now  very  generally  believed  that  they  are  chiefly 
fluviniile,  and  several  of  il)c:  old  stream  ■i-haiincl»,  filled  witli  irros»- 
bcdded  sandstone  and  bnnks  of  conglomerate,  have  been  observed 
(sec  Fig.  ,i&,  [».  I  lo).  The  fine  clays  whiili  tnalM-  up  mii%l  of  Ihe 
beds  arc  chiefly  flood-plain  deposits,  but  ihcrc  arc  also  beds  of  pure 
white  volcanic  ash,  showiiiR  that  the  volcanic  activity  which  was 
so  marked  in  the  Eocene  Mill  cotilitiurd.  A  sjt^tem  of  streams 
meandering  over  a  nearly  ba?«-Ievciled  plain,  with  ver^-  low 
divider  iKtwcen  Ihein,  wovitd  in  times  nf  timid  unite  into  a  vast, 
but  shallow  and  temporary  lake,  and  such  would  appear  to  hare 
iMicn  the  conditions  under  which  the  Wliile  Ri%'er  Ixsis  were  laid 
down. 

The  mammals  nf  the  White  River  prove  that  a  way  nf  intcrmif^- 
don  for  lencstrial  animaU  had  again  been  established  with  Europe. 
White  many  familiesi  did  not  join  in  this  migratiim  and  each  con- 
tinent hiiil  several  groups  |>cculiar  lo  it^M^lf,  the  number  of  identical 
and  closely  allied  fEenera  common  lo  both,  and  the  appearance  in 
America  of  iy|ies  which  Eiimjie  had  had  in  earlier  limes,  is  suffi- 
cient proof  of  ihe  renewed  c.nnection.  The  tonirast  between  the 
Uinta  and  While  River  in  this  ir.sj'cct  is  ver)-  marked. 

The  Upper  part  of  the-  inteii>>r01igocene  is  the  John  Day,  which 
covers  a  large  p.-irt  "f  eastern  Otg.m,  and  a  small  area  in  central 
Mcmtona.  The  Oregon  beds  are  a  vciy  thick  mass  (3000-4000 
feel)  "f  stratified  volciuiic  ash  and  luff,  wilh  H>me  fn-sh-waier  beds 
at  the  top.  Kvidcnlly,  gigantic  crupiions  were  in  progress  and  the 
ventA  were  at  no  great  distance,  though  too  far  away  for  the  forma- 
tion of  a  coarse  aRglomcralc. 

Foreign. —  During  the  E<K-ene  nearly  all  Germany  had  beca 
land,  but  in  ihcOtigoccnc  it  was  invaded  by  the  sea,  which  broke 
in  from  the  north  and  covered  al!  the  nonhern  plain,  extending 
into  Bel^tim,  and  sending  long  bays  to  the  south.  One  of  these 
reached  lo  the  strait  on  ihe  oorlh  of  ihe  Alps,  ex])anding  into 
a  large  ba^iin  near  Maycncc  and  Knnkforl.  Over  (iermany  the 
sea  wa&  shallow,  jwnnitling  the  formalioti  <>(  exiensive  peat-bo^, 
where  were  accumulated  masses  of  lignite  or  brown  coal.    The 


OiigptXTie  b  very  cxtensinlf  dUpiayed  in  southern  Russia, 
marine  below  am)  lignilk  above.  In  the  bosan  of  Parts  tbe  xa 
had  a  prcaier  exicni  than  in  Eoccnt  times,  though  with  lacustrine 
bed*  inicrcibic^l.  The  1-iiyi-cT  Oligocrnc  «f  the  f'ari^an  area  con- 
tains thick  bod»c§  of  (gypsum,  which  were  formed  in  very  strongly 
saline  lagoon».  In  Fnglan<l  the  tieds  arc  naorc  of  brackish-  and 
fresh-water  orifpn.  In  southern  Europe  the  sea  retreated  from 
wide  anas,  and  in  its  pla«:c  were  extcn»ive  bodice  of  frrsh  and 
brsckfeh  water,  in  many  of  which  peatbogs  accumulated  mivte* 
of  lignite.  Such  lignilic  de)xMilH  oct^ur  at  intvrtals  in  the  south 
of  I'raacc,  Switzerland,  and  Uavaria.  In  the  Alps,  Apennines. 
Car{»il]iiaik*,  Caut^asuf,  Awfa  Minor,  and  .toulhem  A%ia,  thr  Oligo- 
cenc  is  rcpr»cntcd  by  the  upper  part  of  ihc  Flysch,  the  formattoo 
of  which  bc(;an  in  the  Eocene. 

The  Olifcocene  i^  roun<I  in  north  A/ri<a,  but  in  the  other  con- 
linenti,  beside  those  enumerated,  it  has  not  )%!  been  separated 
from  the  Eocene  l>elow  or  the  Miocienc  above. 

Oligoctne  Life 

I'he  marine  invcrtcbratcE  so  resemble  those  of  the  Eocene  that 
any  ftencral  statement  of  Ihc  differences  is  difficult;  these  ditTer 
cnccs  arc,  for  the  most  part,  of  species  only. 

Tbe  Uinta  contains  large  and  numerous  crocodiles,  tl»eir  last 
appearance  in  thtr  imrlhcrn  interior,  and  a  highly  interesting 
mammalian  fauna,  which,  however,  is  only  partially  known  and 
demands  further  vxploruiion.  The  great  Uiiiiath^res,  which 
dominated  the  L'ppcr  Eocene,  have  disappeared,  and  Ihe  Peris- 
sodactyU  have  begim  m  detline  in  relative  importance,  though  not 
absolutely;  the  small  (hreC'Iocd  Horses  continue  lodc%'ciup  steadily; 
RhinocertiM;K  and  Tapirs  are  abundant,  and  Ihe  Titanothere«  in- 
crease notably  in  stature  and  in  Ihe  prominence  of  their  boms. 
The  mont  characteristic  feature  of  the  Uinta  fauna,  however,  i# 
the  gnM  increase  Vti  xVic  iVrliodactyls,  which  then  began  to  assume 
(be  place  they  have  e:v«  -rwx  'wAi  »&  *«  ■»**».  'wuMai».i&  vaA 
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importam  oC  ihc  hoofed  animals.  In  the  Uinta  ihc  Aniodactyls 
mostly  ttclong  to  a  grc>tl  tind  typically  American  grou[»  (Tyhfioda), 
of  which  the  camel  and  llama  arc  among  ihc  few  modem  survivors. 
The  iT)o«t  jirimitive  known  ancestor  uf  the  cameU  and  llamas  is 
found  in  ihcw  beds  {Protyhpiis)  associated  wilh  a  curious  extinct 
family,  the  OrmitorUf,  which  were  extremely  abundant  and  varied 
throughout  the  American  Oligoccne  and  Miocene,  and  with  other 
familiet  of  umall,  f^ceful  animaU,  which  throve  al»o  In  the  While 
River  and  John  Day.  ThU  large  jL^somblagc  of  the  Aniodactyls 
dbtinguishea  the  Uinta  fauna  very  sharply  from  (hat  of  the  Oridger. 

The  Civodonts  are  siill  common,  though  distinctly  less  so  than 
they  had  been  in  the  Eocene,  and  the  true  Carnivora  are  beginning 
to  replace  them. 

In  the  WHttE  River,  or  Middle  Olisocenc,  the  Crocodiles  hate 
become  extremely  rare,  and  only  a  dwjirt  species  is  known,  but 
Uxardfl  are  much  more  numerous.  The  Manunal»,  which  are 
preserved  in  astonishing  numl>ers,  resembled  tli««  of  the  UintSi 
but  had  made  great  progress  since  that  time.  The  CreodonU  had 
almost  disapiH'ared,  leaving  otiIv  one  or  twi>  ciirinus  genera 
(e^.  HyenciUni),  while  the  Carnivora  became  abundant.  Dogs, 
Siilin'-tixith  CaL<,  Wea-wls,  and  primitive  Raccoon-*,  licing  rep- 
resented. The  Lemurs  and  Monkeys  have  vanished  from  North 
America,  The  PeriwodactyU  continue  to  be  abundant;  the 
Horses  are  represented  by  llir  little  thrcc-tocd  Mesahipptis, 
about  as  lar^  as  a  sheep,  the  Ta[Hrs  by  Pralapinti,  and  Rhi- 
noceroses by  three  very  distinct  series:  thus,  MHamynodon  was  a 
heavy,  short-legged,  aquatic  animal,  not  unlike  a  hippopotamu.>t 
in  appearance;  Canoput  a  mi>re  slender,  terrestrial  animal  with 
the  proportions  of  a  tapir,  and  Ilyraaidon  was  a  long-necied, 
long-limU-d,  lightly  huilt,  running  type,  yvX  still  a  rhinoceroiL 
The  Tilanothercs  culminate  in  the  massive,  elephantine  Tiiano- 
Ihfrium  and  its  allied  genera,  which  det'oloped  huge  na^al  horns 
(see  Fig.  306)  and  died  out  early  in  the  White  River. 

The  ArliodactyLi  continue  to  incTea.sc;  the  tva.t.v\«  ».\sicV ■«V«!ft 
aaw  over  (ntm  the  Uinta  age  shows  a  disUnrt  aAva.™;*  \tv  ics-'^M^ 
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"iiKiit;  tbe  CamHs  (Poihrolberiumi)  and  allies)  fatfnil>e>  ore  very 
common,  among  Ihcm  Protaceras,  a  very  curiou*  animal,  the  male 
oi  which  bad  four  h<irn>,  uhI  a  pair  nf  lu.ik.-'  in  Ihe  upper  jaw, 
while  ihc  Oreiidonts  miwt  haw  covered  the  plaiiu  in  great  herd», 
SH  aburulanl  are  their  remains.  The  I'cccaries,  or  Amerioin  rcp- 
rewniaiivcs  of  x\k  pip,  are  not  yd  known  fR>m  the  t'inta.  but 
otxtir  in  tlie  White  River  {Penbaents),  and  the  extraordinary, 
long-limbed,  iwo-tocd,  pig<like  Biothmum  may  ha\-c  descended 
from  Uinta  am  ir^^n,  or  may  have  I>i-cn  a  migrant  fn>m  the  Old 
U'orfd,  as  certainly  were  the  members  of  the  European  family  of 
AnthracMberes  {AnAraeotkerium  and  flyofiolamus)  which  ajipear 
in  thi-  White  River  bvcLs;  there  is  nothing  like  them  in  Ibc  Uinla. 
The  Rodents  of  the  White  River  are  much  more  numerous  and 
varied  than  thoy  had  l>ecn  before;  Murmols,  Squirrels,  Beavers, 
Mice,  i'ockcl-Kophcrs,  and  Rabbits  «'ere  already  well  established. 

T)ic  NEaminaK  of  the  John'  Day  are  much  like  thoM-  of  the  While 
River,  but  are  more  advanced  and  modcrniwd,  and  some  ancient 
groups  liave  vaiii>hed,  among  them  theCreudont!>,  Ihe  aquatic  and 
cutforial  Rhinoceroses,  the  immigrant  Anthracotheres,  and  ibc 
hufge  Tiianothere^.  On  tbe  other  hand,  the  Cantivora,  especially 
tbe  Dog^  and  Sabre-tooth  Cats,  greatly  increas?  in  numlKrs  and 
diversity,  and  the  same  i^  true  of  the  Rodents.  The  Horses  and 
tnie  C*mels  are  larger  than  tho^e  o(  ihc  WhilP  Rivvr,  a.*  are  also 
tbe  Oreodonts,  but  the  Rhinoceroses  are  reduced  to  tbe  Iwo-horncd 
PUenthfriuM. 

The  Ollgocene  Mammals  of  Europe  have  much  in  common  with 
ihose  of  North  Am<Ti<-a,  but  there  are  many  local  differences.  In 
Kurope,  the  Weasels  w-ere  much  more  varied  and  common  than 
in  .America,  and  the  Civet.cat<,  a  family  which  never  reached  this 
continent  al  all,  were  well  represented.  Some  families  of  Perit- 
.todactyls,  such  as  the  Palxutheres,  and  a  host  of  Ariiodadyl 
I'amilics,  some  extinct,  like  the  Anoplotbcrcs,  Caiitothere»,  and 
Xipbodonts,  and  the  true  Ruminants,  were  then  peculiar  to  the 
OI<l  Wnrhj. 
^K   Ctimate.  —  Tlie  disappearance  ot  t\ic  cTwoAWw  Vt(««  ^c*  w*^ 
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cm  inlcrior  seems  to  show  thai  ihc  climate  hail  grown  rather  cooler, 
tiiough  on  the  Allanlic  coa&l  warm-water  conditions  still  continued, 
and  the  vej^lation  nhuwt,  (hat  I\un>[><;  still  had  a  subtfx>pical 
climate,  palms  growing  up  to  the  north  of  Germany.  The  Kenai 
beds  of  Alaska  i-onlalit  a  temperate  vegetation,  and  pn>l>al)ljr 
the  leaf-bearing  beds  uhich  arc  distributed  so  generally  arotind 
the  Aniii  St  a  and  hait-  yielded  sjmihu-  ptanis,  should  be  referred 
to  theOligoccnc,  though  ihcy  arc  usually  called  Miocene. 

The  Miocene  Epoch 

AmeriCRo.  — The  murine  Miocene  rocks,  which  have  an  enor- 
mous development  on  the  Pacific  coast,  arc  rather  scantily  dis- 
pk)Td  along  the  Attnntlc  and  Gulf  bonlers.  The  ca.stern  coast, 
which  had  emerged  during  the  Oligoccnc,  was  slightly  depres.ted, 
and  ihi-  Mioirnc  U'd.'t  were  deposited  u  neon  form  ably  ufton  the 
Kocene,  in  some  places  overlapping  the  latter  landward,  and  it 
may  be  that  the  narrow  belt  of  coastal  Eocene  has  all  been  ex[>»$cd 
by  the  denudulKtn  of  the  overlying  Miocene.  In  any  ewni,  the 
Miocene  coast-line  was  nearly  Ihc  same  as  that  of  ihe  Eocette  had 
been,  save  for  the  reduction  of  the  MlssUsippi  cnibaymcnt  and  the 
presence  of  the  Florida  island.  Miocene  beds  occur  in  the  idand 
of  Martha 'a  Vineyard,  app;irenlly  are  concc-aled  l>cncath  the  xi 
along  the  New  England  coast,  and.  from  New  Jersey  southward, 
are  almost  continuous.  In  Nevr  Jersey  their  thicknew  i$  only 
700  feet,  thinning  to  400  feet  in  Maryland,  bui  reaching  1500  feet 
in  easteni  Texa-*,  where  they  arc  concealed  under  later  <lcf>osits, 
but  their  [wesencc  is  revealed  by  deep  boring*.  In  the  North 
the  strata  are  unconsolidated  sands  and  clays  with  local  accumula- 
tions of  diatom  owe.  as  at  Kichmond.Va.  (see  p.  3 1 4I.  but  in  Florida 
they  are  compact  time»l»n«t,  and  in  Georgia,  limestones  and  con- 
glomerates. Owing  to  the  nearly  complete  closing  of  the  Missis- 
sippi em  bay  men  t,  Miocene  straia  do  not  extend  into  Teiinrt»e 
and  Arkansas. 

The  Oligocene  of  the  Atlantic  coast  had  been  a  lime  of  worm 
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walcre,  but  in  the  Miocene  a  cooi  current  floned  soulhward  along 
tilt  shore  iinci  thrcujgh  ihc  -ttruil-  Ijetwwn  llie  Fli)rirfa  island  and 
the  mainland  into  ihcGuif  of  Mexico.  "The  change  by  which 
the  Oli^K^ene  was  broujfht  lo  a  clor*e  and  the  ty[>ical  Miocen<-  in- 
auguraicd,  caused  .  .  .  the  most  remarkable  faunal  break  in  the 
l^olo|^cal  history  of  the  United  Sutes  after  (he  Cretaceous." 
(Dall.) 

Od  the  Pacific  coast  the  Miocene  Tock»,  though  reaching  the 
enorniMiis  ihirkne^-s  of  5000  to  7000  feet,  form  only  a  narrow  bell, 
and  lie  unconformably  upon  the  Eocene.  The  Coa.Ht  Range 
formed  a,  chain  of  reefs  and  M.ind.t  in  the  Miocene  sc;t.  Volcanoes 
were  very  acllre  and  showered  great  quantities  of  ash  into  the  sea, 
where  it  was  extensively  mingled  with  diatoms,  which  largely 
compose  the  MonUrty  series,  (hough  sandstones  and  bituminous 
shales  also  occur.  The  sea  did  not  extend  intu  the  northern  [art 
of  the  Sacramento  valley,  which  is  filled  with  continental  sedi- 
ments, fturiatilc  and  subaCrial  and  perhaps  partly  lacustrine. 
Otogenic  disturbnnces  took  place  in  Califurciia,  for  ihc  older  part 
oi  the  scries  in  the  Santa  Cru2  Mountains  near  San  Franii.-Ko  is 
folded  an<i  metam<>r[>bused  and  the  newer  |>art  there  rests  uncon- 
formably upon  it. 

The  foothills  of  the  Sierras  had  been  worn  down  to  a  peneplain, 
which  was  elevated,  perhaps  cjirly  in  the  Miocene,  and  carved  into 
valleys  and  ridges,  and  in  the  lower  stream  courses  Ihc  "  deep 
Auriftnms  6Vr»iWr "  were  laid  down.  In  the  t'pper  Mioceiw 
came  a  depreSksion  and  very  tliick  masses  of  Ihe  "  bench  .-I  uri/- 
trout  Graveij"  a«rumulated  in  the  valleys.  Then  followed  a 
time  of  great  volcanic  activity  in  the  Sierras,  at  first  forming  lava- 
flows  and  tuffs  of  rhyolile,  then,  after  an  inlenai,  andesile  tuffs 
and  breccias,  which  poured  down  the  valleys  as  great  torrents  of 
mud. 

The  coast  of  Washington  and  Oregon  was  corered  by  the  sea, 
which  extended  up  the  valley  of  the  Columbia  and  its  tributary 
the  VVDlamette,  but  the  beds  are  far  thinner  than  in  California  and, 
in  places,  lie   upon  folded  and  eroded  Eocene.     The  sea  also 
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extended  over  parLo  of  BritUI)  Columhia.  Early  In  the  Miocem, 
Alaska  was  depressed,  especially  to  the  north,  and  the  vaUey  of  the 
Yukon  invaded  by  the  «ea  and  much  of  M%.stern  Alaska  was  sub- 
merged, yel  in  the  MidrDe  and  L'p|K-r  Miocene,  at  kast,  some  land 
conneiiion  with  the  Old  World  must  have  exUted. 

Tlic  Miocene  fauna  of  California  was  largely  indigenous  and 
shows  no  evidence  of  communication  with  Asia,  which  would 
indicate  thut  Bering  Sirait  vr:L$  ojicn;  if  so,  the  undoubted  con- 
nection of  America  with  Eurasia  must  have  been  by  some  other 
route,  ()crha|i^  by  way  of  Greenland  and  the  north  Atlantic. 
Atlantic  Miocene  species  arc  not  known  in  the  Paciftc  fauna, 
whence  it  may  be  intemrd  thai  the  upheaval  of  Ccntnd  Amciica 
and  the  Isthmus  of  Panama,  joining  South  and  North  America 
and  scjiarating  the  iwoocc-ans,  look  place  ai  thecloMof  theOlif^- 
cene,  though  there  are  some  difRcultics  in  accepting  this  view. 

In  the  interior  rejjion  Miocene  continental  deposits,  mostly 
fluviaiile,  cover  a  vast  area,  though  to  no  very  great  depth.  The 
Ariiiiree.oT  Rosebud,  stage,  which  is  in  pan  trariiitional  from  the 
upiiermost  Oligot^-ne,  is  fouitd  overlying  the  White  Ki™r  beds,  in 
South  Dakota,  western  Nebraska,  and  eastern  Wyoming,  with 
small  art-a."  in  nurtheaslern  Ci>Iora<lo  and  Montana.  The  middle 
Miocene  Deep  Hiver  stage,  occurs  in  widely  scaiiered  areas  of  re- 
stricted extent,  in  nenlral  Montana,  central  Wyoming,  northeastern 
Colorado,  northwestern  Texas,  and  eastern  Oregon.  In  tills  stage 
the  migration  uf  land  mammals  fmm  the  Old  World,  which  ceased 
at  the  close  of  the  White  River  Oligocenc,  was  resumed,  bringing 
in  several  new  types,  parlicuIaHy  the  primitive  eJcphanls.  which 
migrated  from  Africa  to  Asia  and  reached  Kuropc  and  Xurlh 
America  at  nearly  the  ."amc  lime.  In  this  «tagc  also  appear  the 
first  forerunners  of  the  migration  from  South  America  for  which 
the  junction  of  the  two  America*  opened  the  way.  The  Loup 
Pork  stage  covers  much  of  the  Great  Plains  region  with  a  thin  sheet 
of  fine  sands  and  marls,  in  successive  disconnected  art-as  from 
South  Dakota,  iai  vivio  ItVcriKo,  ••Kt.lv  outlying  areas  in  MonlaJia_ 
and  New  Mcnco. 
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In  addilion  lu  tliese  i»tnjiiir3tivi;)v  well-known  and  well-deline<l 
Magics  of  the  Miocene,  ibcrc  arc  scvcrnl  others  which  an  rcferml 
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Flu.  jo;.  — Iikolucd  t«iA>ii  (4  Ox  tirnt  lUiI  Ltnili  ol  ^utti  Lli>koU.      (O^Ornj 

to  the  Miocene,  although  for  no  ii-cry  convincing  reasons  In 
souihwevicTn  Nc^-ada  is  an  imnwnsc  ihickncsn  (iA.ooa,  tee^\  <* 
f-appomMy  Miocfne  teds,  debcnhed  as.  \ic\n4\ao»^Vra>R,\!NX^««*- 
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taining  some  cool  and  sulphur.  Sc^vrdl  other  snas  uc  found  is 
Nevada,  Wa^hinjcloD,  and  BritUh  ColumUs.  A  small  area  ol 
pTobMy  Miocene  n>c)cs  occurs  in  ihc  South  Psrk  vt  Colondo, 
ihe  PhrisiOfU  beds,  which  have  usually  been  called  O%oi-eiie, 
but  whit  h  recent  and  more  extended  studies  bare  iboirn  to  be 
probabljr  Miocene.  Tbc  deposits  arc  thin,  papery  shales,  com- 
poMd  oS  fine  volcanic  ash  sJiovrered  into  u  *mall  body  trf  water, 
and  have  prcscn-cd  countless  insects  and  plants,  many  fish  and  a 
feu'  birds,  but  no  mammaU. 

The  Miocene  was  a  time  of  great  volcanic  activity  in  Ibe  I*ad6c 
mountain  ranftci  and  along  the  principal  range  of  the  Rixky 
Mountain*;  the  grral  volcanoes  of  the  Cascadrs  and  of  Mexko 
art;  tielicvcd  to  date  from  this  epoch,  and  in  the  Yclluw^une  Pari 
were  immense  eruptions  of  andcsites  an<l  basalts,  l>olb  lavaf 
and  luffs.  The  f^at  Columbia  Riivr  basaltic  flows  are  of  earU 
Miocene  dale,  for  they  lie  ujMin  Ihe  »lighily  distiirbcd  and  ci^xkt! 
John  Day,  while  Middle  Miocene  beds  trcre  deposited  upon  tbeOL 
Vulcani'^m  woi  also  displayed  in  the  West  Indies,  the  Andes,  and 
Patagonia. 

Ar  we  have  seen,  umgentc  n>ovement»  went  on  in  California  lie 
Iwcen  Ihe  I^wer  and  I'ppcr  Miocene.  Lalcr  in  lhecj>ocbandaliti 
cIom;,  lhc«;  mo\'cment>  grew  very  imporlaiii  and  widely  extended, 
affecting  the  mountains  of  all  the  Pacific  States  an<l  causing  the 
principal  upheaval  of  the  Coast  Range  in  California  and  Oregon. 
The  great  fault  bounding  the  Sierra.t  on  the  east  vras  marie  and  the 
block  mountains  of  Ibe  Great  Basin  raised  by  an  extensive  s}steai 
of  faults.  The  high  plateaus  of  «ouiheni  Utah  and  nonbem 
AHzttna  were  raiMrd,  beginning  the  great  crrjsion-crcle  of  Ibr 
Colorado  River.  In  the  Ea.^!  the  W'e^l  Indian  islandit  wetv  riUie<l 
and  iltr  I'lorida  island  was  joined  lo  the  mainland. 

Foreign,  ~  In  the  north  of  Europe  the  sea  retreated  from  largr 
areas;  nonlMrn  Germany  wa>  now  dry  land,  with  only  a  rclalivd]! 
smalt  bay  invading  it,  while  Ivngland  was  entirely  abo\'c  water, 
and  has  no  marine  Miocene  beds.  On  the  wem  coait  of  Kurope. 
the  AlVinVVc  cw:w4KVft4  \mv^i,  a*  In  France,  Spain,  Portugal 
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and  also  the  norlhwest  of  Africa.  Spain  wax  joined  to  Africa, 
but  Etrails  across  northern  Spain  and  joulfacm  l-'rancc  connected 
il>c  Atlantic  with  the  Mediterranean.  .Another  change  o(  ^at 
ini|>ort;titci:  was  the  shutting  ofF  of  the  long-slamling  conncilion  of 
the  Mediterranean  with  the  Indian  s«a.s.  The  former  covered 
much  of  eastern  Spain,  and  flooded  the  lower  Rhone  valley,  land- 
ing an  aim  aiong  the  northern  Iwrder  of  the  Alps  to  the  neigh- 
l)t>urh<x>d  of  Vienna.  Mere  it  cxjiimded  into  a  broad  lui^n,  con- 
nected with  another  great  basin  covering  Hungary.  Most  of 
Italy,  Sicily,  and  :i  I^irgc  pari  of  northern  Asia  Minor  were  un<ler 
water,  but  the  Adriatic  and  .-ligcan  Seas  were  mostly  land,  and 
the  .Alps  formed  a  chain  uf  i.-Jands,  mouniainou.s  but  not  nearly 
50  high  as  at  present, 

At  the  end  of  the  Lower  MicKene  <-ame  a  great  upheaval  o{  the 
Alps,  by  which  the  sea  was  again  excluded  from  that  region,  and, 
ju.it  as  In  the  Oli^ocene,  inland  msu.  and  lake^  touk  the  place  of 
the  marine  straits.  1'hc  bai^ins  of  Vienna  and  Hungary  had  a  very 
complex  hUtory,  with  repealed  changes  of  >ize  and  position,  re- 
sulting in  the  formation  of  an  immenw  inland  sea  (the  Sarmatian 
Sea),  which  reached  from  Vienna  to  the  Black.  .Vral,  and  /Egcan 
Seas,  and  w;l(  nearly  as  large  a«  the  preM;Til  Medilrrrancan.  Thix 
vast  basin  had  but  a  limited  connection  with  the  ocean,  and  rcpre- 
settled  conditions  much  like  those  of  the  Black  Sea  at  prcKnt. 
Europe  had  alsn  a  number  of  frcsh-watcr  lakes,  particularly  in 
France,  Switzerland,  and  Germany,  which  have  pre^rvcd  a  very 
intercMing  record  of  MiiKcne  land  life.  A  comjariwn  with  that 
of  North  America  shows  that  a  way  of  migration  was  still  open 
between  the  two  coniinents.  In  the  iMi.<in  of  the  Ebro,  in  Spain, 
the  Miocene  consists  of  red  sandstones  and  marls,  with  l>eds  of 
m'psum  and  ^alt,  deiii(>iu>iratitig  arid  condilionn  which  were  no 
doubt  only  local. 

In  the  Old  World  the  Miocene  wa<  a  time  of  muuniain  making. 
Tile  I'yrcnccs  had  been  elevated  in  the  later  I->x:cne;  the  Alps 
rccciwd  nearly  iheir  present  altitude  in  the  Miocene.  The  .^pen- 
nine*  had  l«-o  di.stincl  phases  of  upVieaval,  one  to  \>wtt/s««t>R  ■ 
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one  in  the  Miocene,  ihc  latter  iraiondini;  n-ith  that  of  ihe  Alps. 
The  Cauca.HU.1  dalct  froro  the  close  of  Ihe  MtixreiK,  whilr  the  dale 
of  the  I'limaby^is  U  j-ct  uncertain,  but  wits  either   Eocene,  or 

Marine  Miocene  beds  occur  in  north  A/rira,  on  (he  cosfit  of 
the  Soudan  and  in  Asia  Minor.  In  Aiia  marine  Miocene  U  knoM-n 
tu  be  I'rKKni  in  norlhwcstrm  India,  in  Bumvih  and  Japan,  hIso 
in  the  island  of  Java- 

T)ie  wliole  of  PatagoniA  vrst-s  suhmerged  in  a  great  transgression 
of  a  shallow,  cpicomtioental  sea,  Ihe  Patagirnhn  stage,  and  after 
nunie  iKtcillation  the  ^ea  withdrew  an<l  the  leTre^ttrial  S-inta  Cmc 
beds  were  deposited.  These  are  very  largely  composed  of  vokank 
tuSs,  but  also  contain  crcMS-bedded  sandstones  and  otiier  fluvialile 
deposits.  Marine  dejtu^ts  which  are  correlated  with  the  Pata- 
^  gonian  stage  are  on  the  west  coa»t  of  Chili. 

The  Tertiary  rocks  of  Amlrnlia  and  N<v>  Zealand  which  cowr 
extensive  regions,  especially  in  \'ictoria,  have  nut  yet  been  defi- 
nitely tluNvificd.  Certain  of  thoM.-,  usually  referred  to  ibeOligoccne 
but  more  probably  Lower  Miocene,  ijiow  so  close  a  resemblance  (n 
their  fiiNMl*  tu  ihoMj  <tf  Patagonia,  ius  to  reipiire  the  assumptJOD 
of  a  continuous  coast'line  wilh  South  America,  probably  by  way 
of  Aiitan^tica.  The  probability  u(  Ihiit  a<^<ump(jon  b  much 
strengthened  by  the  occurrence  of  the  marine  Patagonian  wjlh 
its  characteristic  fo^stl.i  in  the  South  Shetland  l.tlandsan.^tor^c 
group. 

Miocene  Life 

The  life  of  the  Miocene  is  in  all  respects  a  great  ailvatice  upon 
thai  of  the  Eocene  and  Oligocene.  The  Grasses  greatly  multiply 
and  lake  possession  o(  the  open  *pace*,  producing  a  rrvt^utloa 
in  the  conditions  of  foo<i  for  the  herbivorous  animals.  The  vtgc- 
Ution  of  Morth  Ameri<'a,  -m  far  itorlh  as  Montana,  perha]>s  eno 
to  northern  British  Columbia,  still  bore  a  southern  charoeter.  b 
the  L' p I K,T Miocene  tufls  of  the  Vellow.stone  Park  and  contemporary 
Simla  of  Oregon  are  lott;\i»it\v«ws.a&V'j^Ts.'4;»!(ftsitR,Htcko- 
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ries,  Oiik«,  Elms,  Miijtlps,  Beci  )i(s,  noble  Uvrms  of  ^^agm>lius  ani 
Sycamores.  One  species  of  Araiia  had  Ica^^s  a  feel  lonfi  by 
3  inches  wide-  Curiously  enough,  ihc  Breadfruii  {ArUKarfmi) 
flourisheil  in  Oregon,  and  probably  on  tbr  Yellowstone  oIm}. 
CunifeRi  weie  numerous  and  varied.  At  Flurissanl  ihc  plants  arc 
of  a  similar  warm-tcuipcrate  character,  with  Tcr>-  few  patm>, 
but  WfilU  Sequoia,  Ihe  California  Redwood,  abundant. 

In  Europe  the  Lower  Miocene  flora  was  quite  like  that  of  modem 
India;  over  Ihc  central  and  wesicrn  re^ons  Palms  Lontinue  lo 
flourish,  together  with  Live  Oaks  Nfyrtlcs,  Magnolias,  Figs,  etc. 

In  Ihe  latter  part  of  the  e|HX-h  u 
ihange  is  noted, and  sw:h  trees  as 
Beeches,  Poplars,  Kims,  Maples, 
LaureU,  niid  ihc  like  bciomc 
dominant. 

Marine  Imtrithralfs  belong 
almost  entirely  to  genera  whkh 
still  live  in  the  seas,  and  many  of 
the  species  persist  to  our  own  day. 
In  F.uni]>e  the  oUIer  Miocene  has 
numtxTs  of  shells  such  as  now  live 
only  in  warm  >ca«,  like  CyfrtM, 
Milra.  Purpura. Slromhus,ett:.  (See 
PI.  X\'II,  p.  765.)  The  Miocene 
of  our  Atlantic  coast  was  evidently 
a  time  «if  coiiler  watens  and  a  similar  ihanj[e  look  place  in 
Kurope  in  the  I'pjier  Mtficenc.  A  very  rharnttertsiic  shell  of 
the  Atlantic  ny.n-%  Miineixf  is  fUpkom  tjtmdrUostala  (Fi)];.  309)- 

The  terrestrial  I'trttbraifs  of  Ihc  interior  are  of  mtich  iolercst. 
Little  is  kntiwn  of  Mimi-iK-  Birds  in  this  country,  but  in  F-iiroj* 
iliey  are  abundantly  prcscr%-ed  nnd  arc  of  distinctly  African 
character-  Parrots,  Indian  Swallows.  Secretary  Bird^,  Adjutants, 
Cranes,  Flamingoes.  Ibises,  Pelicans,  Sand-f^ousc,  and  numerous 
GuUinaiTous  binU,  ^ere  mingled  with  birds  of  European  t) 
as  Faglcs,  Owls.  Woodpeckers,  Gulls,  Ducks,  etc. 


Flo,  yg.  —  Btfitni  fwtJrifiiMti 
Soy,  X  a/3.  Yof ktoum,  Vn. 
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The  Lo«TrMio«ni- (/I  riJt<w'()Matnma]s  of  the  interior  have  only 
lately  been  discovered  and  arc  not  yvl  fuily  described.  In  general, 
thc>«  iiiitmuU  are  a  conlinuiilinn  of  ihv  Jnhn  Day  fauna,  in  a 
higher  siagc  of  advancement,  without  admixture  of  exotic 
elements.  TIic  Anrylopodn,  a  very  curious  group  of  hoofed 
animate  in  which  the  hoofs  had  liccn  converted  into  huf(e  claws, 
and  of  which  a  few  truirs  have  Imrti  fnund  in  the  \Vliile  Ri^'er 
and  John  Day,  assume  great  imporiancc  ui  these  beds. 

In  the  Middle  Mimx-'ne  {Oeep  Rivrr)  i  amc  a  rcneweil  migrali'in 
from  the  Old  World,  bringing  in  the  first  of  the  elephant  group 
(Probotcidea)  whicit  had  .'Ampler  teeth  than  llie  modem  ck]>hant3 
and  a  pair  of  tusk«  in  ihc  lower  jaw,  as  well  as  in  the  upper. 
The  genus  is  Tetrabehiion.  The  fuT^t  of  the  true  RumituiiUs  Iw 
apiiear  in  North  America  came  in  with  this  migration  and  were, 
in  a  measure,  inlennedtate  between  deer  and  antelopes,  while 
EuTX>pean  Rhinoceroses  accompany  them.  Of  the  native  stock, 
the  Horses  and  Camels  deserve  particular  mention  as  having  in- 
crra>ed  in  sioe  and  in  variety  and  having  made  great  ad^nnce^  to- 
ward the  modem  standard.  The  Oreodonls  in  a  variety  of  biiarrc 
genera,  some  of  them  ar|uati(',  are  verj'  rommon. 

The  l'pi>er  Miocene  {Loup  Fork)  Mammals  re^mblc  closely 
those  of  tlie  Deep  River  stage,  ratlicr  more  advanced  and  modern- 
ized. The  true  Cats  and  a  number  of  weasel-  and  ottcr-likc 
Carnivores  came  in  from  the  Old  World,  while  the  W^ts,  Pan- 
thers,  and  Sabrc-toolh  Tigfrs  were  very  numerous.  Besides  the 
true  Ruminants,  the  .AmtTJcan  type  of  Cam^f  and  IJamas  con- 
tinued to  Sourish  ill  such  genera  as  PntamtiMs,  Pliawbtnia, 
and  others  One  \>ery  remarkable  camel,  AUkumdus,  faad 
nearly  the  same  proportions  a»  (he  giniffc.  The  exltaurdinary 
four-iiomed  ]i:enus,  Protoceras,  of  the  White  Riwr,  is  represented 
I^  Syndycttras,  in  which  the  four  horns  are  much  inereawcd  in 
length,  but  the  tusks  are  reduced.  The  Loup  Fork  Horses 
{Proldfiipput  and  Uipparion)  are  muih  more  modern  in  char- 
acter and  larger  in  ^ze  than  their  predecessors,  but  stilt  hare 
three  loc«  on  each  foot.     The  Rhinocenwes  are  very  abundant. 
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Tlv  Ailsadc  cmtf  Mkcox  bu  jMted  aa^as  df  P  HihTi 

Sperm  awj  Whaktxm  Wfcila. 

In  Europe  the  Cpfpcr  Miacwic  mnnnk  «ae.  In  y«rr*T.  fikc 
llMMe  d  North  Aneffca,  bvi  a  laKnl  iSSontn  is  in  the  aoch 
Kmler  nuinber  rjf  ntif  lypei  of  Deer  sod  Amdopes  wfakli  are 
frnuwl  Ihnv,  togrther  with  vuioua  fannt  of  S«iiir  and  tna^tnl 
Bear*.  Bnido  Ihe  Mulodwis,  whidi  wene  toawMB  Id  both  cm- 
Uncnia,  Kurtipc  had  m  Ditu>A<rium  a  rcnuirkaUe  kind  %i  dcphuit; 
thb  animal  had  a  much  Aattrncd  b«ad  and  a  pair  of  maMw. 
bockwiirdly  cuoifd  lutlu  in  the  luwcr  jaw.  The  wvawt  and  otter 
irihe  of  Camjvtira  was  mticfa  more  altundant  and  t-arkd  in  Eunipe, 
and  ihc  Ctvet-aua,  which  vert  alxo  cooimoa  there,  did  not  annate 
lo  America. 

Lillle  b  knoMm  of  lh«  Miocene  Tkrammals  of  othn*  rontinenu 
Kixe\A  S«)Ulb  Anwrica,  wbi-rc  a  magnificent  aa^mblagc  ba»  been 
lirtMTvx^d  in  ibu  Sania  Cnts  iuff%  <rf  E'alaf^onia.  Thin  fauna  is  m 
cotintly  (lifferenl  from  (hat  of  the  northern  hemisphere  that  it 
Rcemti  ((>  IM-Iong  111  aiMilher  world,  ll  contuinK  nu  Camivora, 
I'roltoM'idca,  Artiodaclyla,  or  PcrissodactyU.  Tbc  dc&h-eaier> 
were  rttmivifruus  Maniupialn,  like  those  of  .\u.itralia,  anil  another 
family  of  Manupials  like  the  Aujitraltan  Pholangcrs,  was  aUo 
prescnl  Iti  addition  to  (he  American  Opuuums.  The  Kodcnts, 
Uif  which  Ihcrc  witc  vit)-  many,  ull  belong  lo  the  great  porcupiiK 
ttrou))  (Hy>lricomurpha)  and  closely  resemble  niudern  South 
American  types,  but  among  thc-m  are  no  rats  or  mice,  equimU, 
murmotH,  iwaver*.  hares,  or  rabbits.  Edentates  are  cxiraordi- 
iiurily  numerous  and  varied,  Armudill»s,  Glyptudonls,  and 
(Ground  Sloths  forming  one  of  the  most  conspicuous  elements  of 
the  fauna.  Hoofed  animal*  wen.'  [we^nt  in  multitudes,  but 
though  having  a  certain  likcneas  to  those  of  the  nortliern  amli- 
nentu,  ihey  are  but  remotely  rt-lated  lo  them.  The  Toxodontia 
{NetoJoH)  were  slow  and  massive  animals,  and  Ibc  little  Typo- 
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hcria  had  a  superficial  resemblance  to  Rodent*.  The  LUopienta 
had  one  grcxif)  which  imitated  the  hor^en  in  u  ^urj>ri>ii]f;;  munner 
and  another  which  had  some  likeness  to  the  llamas  (sec  Fig.  310). 
Tlie  Homalodolheria  were  a  parallel  ta  the  northern  AncylojKida 
and  the  AstrapothcHa.  largest  of  Santa  Cnut  mammals,  were  not 
altogether  unlike  Rhinoceroiies. 

The  climale  of  the  early  Miocene  was  much  like  that  of  the  Olig- 
occne  and  decidedly  wanner  in  Eurnjjc  than  in  North  Ameriia, 
though  it  was  mild  even  in  the  latter.  The  dilTercnce  seems  to  have 
been  largely  due  to  the  manner  in  which  £urn[ie  was  inlcrsecled 
by  arms  and  gulfs  of  the  warm  southern  sea.  In  the  U|ti>er 
Miocene  the  climate  became  distinclly  cooler  on  both  sides  of  the 
oceui. 

The  Pliocene  Epoch 

American. —The  Pliocene  is  not  s  conspicuous  formation  in 
this  I'liuntry,  and  only  of  comparatively  Lite  years  has  il  been 
recognized  at  all  on  the  Atlantic  coast.  The  movements  which 
dcMed  the  Miocene  gave  to  the  Atlantic  and  Gulf  chores  nearly 
their  present  outlines,  but  some  differences  may  be  noted.  Much 
of  southern  Florida  was  still  under  water,  atid  a  gulf  invaded 
Dorlhem  Florida,  coi'cring  a  narrow  strip  of  Georgia  and  South 
Carolina.  Isolated  patches  of  Pliocene  rocks  in  North  Carolina 
and  Virginia  may  l)c  remnants  of  a  continuous  band.  The  Oay 
Head  Sands  on  the  island  of  Martha's  \'incyard  ha\'e  marine 
fossils  and  lie  unconformably  on  the  Miocene,  forming  the  most 
northerly  known  exiKisure  of  marine  Pliocene  on  the  Atlantic 
coast.  All  of  thew  marine  formations  in  the  eastern  I'nitcd 
StatM  arc  very  thin  and  in  notable  contrast  to  the  Pacific  coast. 
Flurida  also  has  snnw  fn-sh-waier  Pliocene.  A  small  [»art  of 
eastern  Mexico,  much  of  Yucatan,  and  some  of  Central  America 
were  still  submerged. 

On  the  Pacific  ci>ast  ihc  post-Miocene  upheaval  had  laid  bare 
the  weslern  f<Hithi!U  of  tlie  Sierra  an<l  greatly  diNturbed  the  Mio- 
cene strata  of  the  Coast  Range.    The  Latter  range  sank  again  early 
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in  ihc  Pliocene,  wliOM  strata  lie  unconfonnaI>ly  upon  the  Miocene, 
and  extend  over  upon  older  beds.  The  transgression  of  (he  sea 
n-as  limilcd,  iiiid  Pliocrne  riKks  form  only  a  narrow  band  along 
titc  coast  in  California,  Oregon,  and  Washington.  1'he  Sim  l-'nin- 
Cisco  [x;nin»i]a  wa»  an  area  u(  subsidence  and  maximum  de|>osi> 
lion,  for  here  no  less  than  5800  feet  of  sandstone  (the  Mrntd 
scries)  were  formed,  and  quite  lately  Professor  Lawson  has  de- 
scribed a  scries  of  beds,  containing  much  volcanic  material,  7000 
(eel  ihirk,  lying  t>elon-  the  Merced  and  above  the  Monterey  Mio- 
cene. This  would  make  the  Pliixenc  near  Sun  I'randsco  have 
a  thicknc»  of  nearly  i.i.ooo  feet,  by  far  the  thickest  ma-ts  of 
Pliocene  in  North  America.  On  the  other  hand,  a  <leduclion, 
I»erhaps  a  very  considerable  one,  should  pmbably  Ijc  made  from 
this  thickness,  for  the  tipiwr  jiart  of  the  Merced  appears  to  be 
Quatemarj'.  (Dall,  Arnold.)  The  mountains  of  British  Colum- 
bia arc  believed  to  have  Ixvn  at  a  higher  level  than  now,  an  ele- 
vation which  probably  connected  Vancouver's  and  the  Queen 
Charlotte  Klands  with  the  mainland.  Marine  Pliocene  also  occurs 
in  southern  Alaska.  The  marine  Pliocene  faunas  of  California 
and  JaiiAR  lieeame  clowly  umilar,  due  lo  a  migration  along  the 
shore  around  the  North  Pacific,  where  the  climate  was  temperate, 
nn  Indian  speci<-s  joining  in  the  migration  cif  ihe  JapaneK  forms. 
In  the  Upper  Pliocene  the  waters  of  the  California  coast  appear 
to  have  been  somewhat  colder  than  they  are  now. 

In  the  interior  region  a  few  areas  of  Pliocene,  resembling  the 
L'pper  Miocene  in  physical  chorarler  and  in  mode  of  formationt 
have  been  descn'Iwd.  The  oldest  of  these,  the  Rrpublioin  Rhtr 
stage,  overlies  and  is  intimately  a.vun-^iated  with  (he  upper  I^up 
Fork,  in  northwestern  Kansas,  northern  Nebraska,  and  eastern 
Oregon.  The  Biaiuo  stage  is  typically  displat-ed  in  the  Staked 
Plains  of  northwestern  Texas,  where  it  contains  South  American 
mammals,  and  b  also  found  in  Nebraska  and  Oregon.  The 
I'pjieT  Pliocene  is  not  definitely  known  lo  be  represented  in  Ihe 
interior,  but  its  presence  is  suspected  in  Texas.  a-nA  "tW-wWt^. 

Some  isolated  areas  of  Pliocene  vtMch  cantwA  'jA\it  v«^<^a^«^ 
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M-tih  the  !itagc5  mentioned,  arc  found  in  southern  Idaho,  eajLtem 
Washington,  vtv.,  und  no  doubt  much  ot  the  surface  dei>03Jt$  oj 
the  Great  Basin  snd  othrr  regions  is  Pliocciu:,  but  Ixck  of  foaaiU 
prevcnLi.  their  delermj nation. 

The  volcanic  activity  in  (be  Rocky  Mountain  and  Pacific  coa^ 
region:*,  which  had  begun  in  the  Cretaceous,  <-iintinucd  through 
the  Pliocene.  The  great  outflow  of  rhyolilc  which  built  up  the 
YellowHtnne  Park  plateau  i*  referred  to  ilie  Pliocene.  Some  of 
the  enormous  fissure  eruptions,  which  6ooded  northern  Cali- 
fornia and  Nevada,  southern  Idaho,  ea:>.tern  Oregon,  and  Wash- 
ington, with  thick  sheeu  of  basalt,  obliterating  the  vaUeyA  and 
rc\'nlut)i mixing  the  ^)-^lem  i>(  drainage,  are  prolnalily  Pliocene, 
as  some  arc  demonstrably  Miocene. 

A  iiroblemalicd  fonnatian  i»  tbe  l^/ayeUf,  whose  (eotogkal 
poulion  and  mode  of  origin  are  still  debated.  The  Lafayette  is 
a  bdt  of  ionds  and  graveK  which  runs  ihniugh  Maryland,  \'ir- 
ginia.  the  Carolina;,  and  the  Gulf  States,  around  tbe  southern  end 
of  the  Appalachian.^  up  to  untthem  Illinois,  whence  it  turns  »ou(h- 
westward  to  Texas.  As  in  the  typical  cxjjosurcs  the  Lafayette 
re*1$  unconformably  upon  the  Mitxvne  and  ix  unoomfnrmahly 
overlaid  by  the  Pleistocene,  many  authorities  refer  it  to  the  l^io- 
cene.  The  mode  i>f  formation  is  Koraewhat  obMured  by  (Ik  ab- 
«nce  of  fossils,  but  this  very  lack  and  the  jihysical  characters  of 
the  Iw^d.H  make  a  marine  origin  improl>ablc.  It  is  more  likrly 
that  the  dc)>osition  was  subai'rial,  "  resulting  from  a  compara- 
tively ra|)id  Pliocene  uplift  in  the  Appalachian  rctoon."  (DalL) 
According  to  another  view,  the  Lafnyctte  is  due  to  a  dcpresion 
of  the  coastid  plain  while  tbe  Piedmont  region  was  elevated, 
"and  streamx  porged  with  detritus  from  the  denaj^cd,  upNfted 
Pictlmont  aljove  rushed  down  to  the  sea  and  poured  their  con- 
tents into  the  oceiin.  Kither  the  wave*  were  wciik  or  the  so 
advanced  rapidly  or  this  decayed  miterial  was  discharged  in 
enormmiK  <{uantities,  for  the  kch  whs  unable  to  cope  witl)  it  and 
(lepfJMttd  it  uiiMtrleA  tm  \W  W-ViTO."    (.Shattuck.) 

At  or  near  ibc  cAosc  *A  \\ift  1S>it*3mti  c-kwww**  ^y^wtas■i^s \^ 
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place  in  sevicral  (Uffercnt  pans  of  the  ciinliiicnt,  rtiHrrially  on  the 
Patific  shjMT.  The  rivc  "f  ilic  Ri>cky  MoiintaiDs  conliniicd,  rais- 
ing Ihe  western  pari  of  ihc  Mi<Kciie  beds  3000  Itxt  higher  ihuii  the 
eastern.  The  height  nf  tiie  .Sierra  was  greatly  increased  by  the 
rise  o(  the  mountains  alonji;  the  eastern  fault-plane  and  the  tilling 
of  ihe  whole  bl<x:l£  wc'.lwanl.  The  new  valleys  cut  through  the 
late  basalt  slieet^  of  the  -Sierras  are  much  dec))er  than  the  older 
valleys  exoivatcd  in  Cn'l:wif»iis  and  Tertiary  times,  which  fe 
dtic  lo  tbc  greater  height  of  the  mountains  ajid  consequent  greater 
fall  of  the  streams.  The  faultblotks  which  form  the  Basin  Kanges 
were  still  further  displaced,  increasing  their  height.  The  Wasatch 
ftlountains  and  ihe  High  Plateaus  of  Utah  and  Arixona  were  again 
upraised.  The  great  mountain  range  of  the  St.  Eliaa  Alps.,  in 
Miuthca^lern  Alaska,  was  uphcavc<l  at  this  time,  or  even  liter, 
and  the  mountains  of  British  (Columbia  were  probably  raised  still 
higher.  In  Washington  and  Oregi>n  the  uplift  was  small,  but 
became  much  greater  in  southern  California,  reaching  1500  feet 
in  the  Monte  Diablo  range.  On  the  ea>lern  side  of  the  rontincnt 
the  uplift  was  on  a  much  more  restricted  scale,  not  generally  ex- 
ceeding too  feel.  The  Florida  anticline  underwent  renewed 
compression,  which  incrca.scd  its  height;  in  Georgia,  the  con- 
tinuation of  this  fold  rose  to  400  fi-el.  The  .Name  movement  ex- 
tended the  coast  of  Mexico  and  Central  America  and  brought  the 
n>ntinent  lo  nearly  its  prer^ent  oullinej.. 

It  is  not  necessary  lo  sup|iosc  that  all  these  movemcDts  were 
conicin|>oraneous;  merely  that  they  wcurred,  now  in  one  place, 
now  in  another,  at  or  near  the  end  of  the  Pliocene  epoch. 

Foreign.  —  In  Europe  the  .^ea  generally  retreated  at  the  end  of 
the  Miocene,  leaving  in  the  north  only  Belgium  and  a  sRiall  part  of 
northern  France  un<ler  water.  In  England  the  .oca  advanced  upon 
ihe  land;  while  in  the  Mediterranean  region  large  areas  remained 
submerged,  as  in  Spain,  Algeria,  nearly  all  of  central  and  southern 
ludy  and  Sicily,  and  Greece.  In  this  region  volcanic  activity 
was  intense,  3n<l  .4-Una,  Vesuvius,  and  lite  volcaxtoe^  v^  ^wKx^ 
Jul/  bid   begun   their   operaliuns.    Gwrnavi'^   Vte  tis»  wt»x\»a 
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Pliocene,  but  extensive  wc»&  of  fluniUk  and  o<ber  contlncni 
depOMts  belonj;  to  ihU  c{>ucb;  espccullj-  (iunous  ur  the  strat: 
sands  of  ihu  EppeUhciin  ba^n,  called  DinoAerium  satids,  nhi' 
tif»  occur  in  «cvi:rjl  other  [rart^  of  South  Oemuiny.  In  the  low 
Muin  valley  are  Ptioccne  lifpiiicft,  the  plants  of  which  an  ni 
one-half  Conifers,  but  ul»o  incJudc  many  American  trees,  jmcIi  ^ 
Walnuts  and  Hickories.  Continental  Pliocene,  containing  tM 
Nume  likiid  mamtnal^,  occurs  in  many  separate  areas  of  suuthri 
Eun>pe  and  Asin  Minor,  Mt.  LJbcron  in  the  jouth  uf  K: 
Pikermi  war  Athens,  the  island  of  Samus.  which  was  then 
of  the  cofliiiienl,  and  Maru^ha  in  Penau,  an;  all  cclclirate*] 
tie;^  of  the  older  Pliocrnc,  while  the  newer  Pliocene  fauna  is  found 
in  great  abundance  in  Ihe  river  deposits  of  the  lower  Amo  railed 
in  Italy  (I'aJ  rf'.lrnn  uta^).  0\tt  the  region  of  Ibc  great  Sat' 
matian  Sea  of  ihc  Upper  Miocene  were  numerous  ImkIici^  of  lirack* 
hh  water,  in  which  lived  shells  much  like  iho^c  which  now  inhabA 
the  Caspian. 

On   the   »outli   side   of   the   Himalayas,  in   northern    Indiai 
are  several  thousand  feet  of  sandstones  and  conglomerate,  with 
wnie  day  and  lignite,  formed   jirindpally  frnm  the  picdmool 
acciimulations   transported    from    the    Himalayas    during   ibei 
Pliocene,  tiiou);h  |>n>bably  the  process  of  accumulation  be^  m 
the   Up|>er    Mi<Hene.    The:*c  depunts  now  make  the   SimlBt:': 
Hilb,  famous  fur  their  fossil  bones;  and  similar  de[KMits  with  the 
same  fossiln  occur  in  Borneo,  and   probably  Java,  wMch  tben 
were  connected  with  Asia.     In  Soutli  Atiftita  a  Pliocene  tnib-! 
gressiun  of  the  ;«a  i«»k  place,  submerging  the  entire  casttn 
coast  of  Argentina  and  Patagonia  (Parcnd,  or  Cs/c  FatnctaAtr 
sla(^)  and  along  ibc  line  u(  47**  S.  Int.,  at  least,  extending  n 
the  foothills  of  the  Andes.     The  marine  Pliocene  beds  mn 
invoK-cd  in  the  lai>l  upheaval  of  llw  southern  Andes. 

Ptiotene  Li/t 

The  life  of  the  Pliocene  is  very  modem  in  character.     Little  i« 
.  faunni  ol  \Vic  -ccBrtaiwwv  Sa  N.«\!a  KanewJi,  but  in  Europe  il 
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marked  by  the  continued  dhappcarance  of  the  characicrUtic^ly 
ln>im'iil  |>!.in(s  .inti  by  aji  appniximation  to  ihc  nnjdtrn  liuropcan 
flora.  Maoy  Irccs  jwrystcd,  however,  which  are  no  longer  native 
lo  ihal  coiiilneiii,  but  are  .still  found  in  eastern  A»ia  or  in  North 
America,  such  as  'jtUip  Trees,  WaUiut^,  Uickoric:^,  Magnolias, 
Scquutag^  etc. 


I^An:  XVII.  -    ri.llli^KV   FOMIIS  PNQM   fUltlUA 
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Marine  {irfflehraUi  are  nearly  identical  wilh  modem  forms, 
and  the  ijreat  majority  of  Pliocene  species  of  *lie!U  arp  slill  living. 

'I'hc  Miimmals  are  Mill  «)inewhat  bchiwl  ibicw  TnwJmxv  ^MKs.«fc- 
SOTS,  though  much    more   advanced    vV^an   ftwsa    v'^iw.esswa:*- 
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Those  of  North  America  arc  itill  mcixniileiHy  know-n.  and  the 
Ibt  is  s  short  one.  Ma^otlons,  llurscs,  Rhinoceroses,  I^xcaries, 
and  very  large  Uamas  repr»enl  the  buofed  animals,  beside  the 
Dogs,  Cats,  and  Muslelines.  The  cfTccte  of  the  cxmnection  with 
South  Anwrka  are  seen  in  ihe  appearance  of  ibe  gigantic  Gniuud 
Sloths  and  Armadillos,  and  o(  southern  families  of  Rodents.  If 
this  connection  was  actually  esiablUlKfl  at  Ihe  rl(«e  of  the 
Uligoccne,  it  is  difficult  to  »?e  why  the  South  Amerkaii  maoi' 
mal»  should  so  lung  have  delat-ed  their  migration  lo  the  north. 

The  early  Pliocene  mammals  of  southern  Europe  cinsely  re- 
stmble  thijM:  of  modem  -Mrica,  —  Wntves,  Cats  Civets,  liyxnas. 
Monkeys,  Rhinoceroses,  ihrcc-toed  Horses,  Deer  (of  which  Africa 
has  none),  a  great  variety  of  Antelo|)es  and  of  GiraJTe-Ukc  forms, 
and  Sivine.  Mastodon  and  Dinothcrium  ftersisled,  the  latter 
attaining  great  sixe.  India  bad  a  nimllar  fauna,  with  rtrrtain 
geographical  dilTcrrnces.  Especially  to  l>c  noted  arc  the  great 
variety  of  Oxen,  the  preience  nf  Bears  true  Elephants,  and  the 
HipiHilHitamus,  nf  the  lirsl  Old  World  Camels,  and  nf  the  ex- 
traordinary Sivathetium  and  Brahmalherium.  great  four-burned 
CTcaturcs  allied  to  the  Giraffe*.  In  the  I'piier  Pliixme  the  true 
Elephants,  Oxen,  Hippopotamus,  and  Dears  had  eslcnded  their 
range  to  Euroix:,  but  not,  si>  far  as  wc  know,  to  N<irth  Amcrict. 
In  volcanic  tuffs  of  probably  Pliocene  age  on  the  island  of  Ja\-a  was 
discovered  a  fossil.  Pithcdinlhropu-^  creclus,  which  has  atlracled 
great  interest  and  has  been  the  subject  of  much  dJKussion.  Ac- 
cording to  one  view,  these  Ijones.,  pari  of  the  skull  and  a  thigh  bone, 
represent  one  of  ilic  "  missing  links  "  in  the  anrctryof  Man;,  ac- 
cording l»  anoLbiT,  ihcy  an:  human,  but  abnormal,  while  a  third 
opinion  regards  them  as  belonging  to  a  large  a[>c.  The  material 
b  insuflicient  for  a  definite  solution  of  the  problem. 

On  Ihe  (nasi  of  Zululand,  soulhciisiernr  Africa,  n  small  area 
of  cnnllncntal  Up^wr  Pliocene  has  yielded  a  few  fossil  manunab, 
which  suffice  tu  yhow  that  .Africa  hud  already  aoiulrrd  (he  fauna 
which  cliaiacleruws  \V  wc«j.  "Voc  W-Awlwlcs  an  elephant,  rhi- 
noceroses, hipvo\*oVam««i.,  iaA'  wNts^  wvV&«e«»- 


The  Climate  of  llw  Pliix^tiw  was,  on  the  whole,  evidently  tooler 
iliiiii  that  i)f  the  Miocene,  as  is  shown  by  the  changes  in  the  char- 
acter uf  Ihc  vetjetutiun  and  uf  (lie  m;irine  ^hcll^.  On  the  Amcri- 
ciut  Atlantic  coast  this  is  not  true,  for  here  Ihc  Miocene  waters 
were  exceptionally  tol<i  am)  the  Pliorene  was  warmer,  but,  on  the 
other  hand,  the  thin  beds  of  Florida  and  the  CaroUnas  represent 
but  a  small  |wrt  of  the  Pliocene.  In  the  Kngilish  Pliwienc  the 
proportion  of  Arctic  shells  rises  from  $%  in  the  oldest  to  wtr 
60%  in  the  newest  Ih-Hs,  Thr  refrigeration  was  greater  in  the 
»ca  than  on  the  land,  for  the  vegetation  showa  that  the  aJr  had 
not  yet  {^niwn  cold.    That  was  tu  come  later. 
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The  Quaternary  is  the  lust  ii(  ihu  grcai  divisions  of  gcologica  . 
time  aiid  may  he  ^aid  to  be  still  in  progrc^,  for  its  eveDU  led  bjL 
gradual  steps  to  the  present  climatic  and  jR-ogruphkul  order  oflj 
things,  and  to  the  present  geographical  diUrihuiion  of  auimalik 
and  plants  orer  the  surface  of  the  earth,    Quatemarj-  de|>o^ls  j 
are  to  a  very  large  extent  rontinental  in  tbdr  origin,  marine  !*di- 
ments  in  most  regions  being  of  very  sulwrdinatc  cxieni,  and  con- 
sist generally  of  lotoie,  uncorapaeted  sand>,  g^avel^,  boulder  days, 
clays,  and  the  like.    These  deposits  nc^'cr  rrskch  any  very  great 
thickness,  but  their  horizontal  extent  h  at  least  equal  to  that  at- 
tained by  any  preceding  s)-slcm,  (or  in  one  form  or  other  lltej 
cover  almost  the  entire  surface  of  the  globe.     In  an  even  greater 
degree  than  in  the  Tenhiry  are    (he  Quatcmwy  formation*  iK 
different  areas  difficult  to  correlate,  becauic  of  the  locally  re- 
stricted character  of  many  of  ihem,  the  frequent  and  ra<lical 
changes  of  facicsfrom  point  to  point,  and  the  scantiness  of  fossib 
or  their  absence  over  wide  region*. 

The  line  of  division  between  the  Tertiary  and  Quaternary  is 
not  easy  to  draw,  es])ecially  in  iIkki-  regions  which  were  not 
reached  by  the  great  glaciers  and  Icc-shccls  of  tbc  PIcistoceitf. 
The  .teas  at  the  end  of  the  Pliocene  had  much  the  same  extent  ta 
later,  and  on  the  same  coasts  the  same  kinds  of  material  continued 
to  accumulate,  and  some  of  the  Miocene  coral  ^eef^  continiitd  to 
grow  uninlemtptcdiy  into  the  Pleistocene.  F.vcn  in  thercgionjof 
gladaiion,  the  end  of  the  Tertiary  ii  fixed  differently  by  diffaeo< 
au(horilie». 

1« 
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According  In  j^eneraJ  practice,  the  Qualemary  U  divided  tntM 
pro  epochs,  (i)  the  Pleistotene,  and  (a)  ihc  Ketettt,  though  various 
'  lames  are  u»cd  for  them. 

I  The  P1.EIRT0CESE  OR  Glacui,  Epoch 

[  The  conception  of  immense  ice-shcels,  like  those  of  Greenland 
(I  Aniarctica.  co\iering  large  [iiirts  of  Nurlh  America  and  Kuropc 
comparatively  recent  geological  dates,  is  one  thai  at  first  seems  10 
incredible,  and  made  iIn  way  very  s.lowly  in  ihefaccuf  (letermincd 
'position.  Ori^nally  suggested  by  Agassii  about  iS46,it  required 
learly  thirty  year^  to  gain  the  ^(eneral  aoceptance  of  geologists, 
his  change  of  view  was  brought  about  by  evidence  too  strong  to 
resisted;  not  that  all  difliculties  have  been  removed  and  all 
oblcms  solved,  but  no  other  hypothesis  can  rival  the  glacial  in 
Ii-.fatiori!y  explaining  so  many  and  such  varied  clavHr»  of  phe- 
iDicna.  It  will  be  well  to  summariiw:  this  evidence  briefly.  The 
k  of  erosion,  transport ation,  and  de[msition  accomplished  by 
xLsting  gliuier*  was  docriljed  in  riiaplrn  VI  and  VIII,  but  many 
the  illustrations  and  descriptions  of  those  chapters  were  drawn 
triitn  the  areiLs  of  Pleistocene  glaclalion,  partly  fur  the  convenience 
of  dealing  with  thin^  nenr  home,  and  partly  in  order  to  bring 
the  pa»t  and  present  into  immediate  juxtapo^lion.  Tlie  char- 
Kleri<^lics  of  glacial  erosion,  the  rounded  and  flowing  outlines,  the 
unoolhed  and  polished  rocks,  the  parallel  strisc  cut  by  the  sioncs 
^nd  boulders  hel<I  in  the  bottom  of  the  m,  are  all  to  be  found 
ibundantly  in  the  glaciated  area  wherever  the  rocks  art  hard 
enough  to  receive  ami  retain  the  marks  .ind  \y,iw  l)een  protected 
irom  the  weather  since  the  withdrawal  of  the  ice;  in  many  in- 
Mances,  even  j)rolonged  exixwure  to  weathering  has  not  sufficed 
to  destroy  the  markings.  The  striae,  which  are  parallel  in  small 
kreas,  when  examined  i>n  n  large  scale,  are  found  lo  Iw  arranged 
bi  definite  systems,  which  show  the  outward  movement  of  the  ice 
from  the  centres  of  dis[>crsion.  TI\e  toffiei  mANUntMiet  iwA 
hammucks  of  rock,  genlty  slojiing  and  (.moolVwd  on  VW  wA*  ^^■vw*. 
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which  the  ret-  ini[>ingecl  (stcwi  side)  abnijit  and  often  rough  on  the 
sheltered  side  (kc  side)  characlcruc  the  areas  of  PleMtoccnc 
gbdation,  just  a.t  ilit'V  dci  the  rorlty  Iwds  n-conily  attandoncd  by 
reliealing  glaciers  In  short,  all  the  characteristic  fcaiun»  ot 
glacial  crtwion,  which  can  1>e  reproduced  by  no  other  kn<»wn  .tgcncy. 
occur  where,  by  the  theory,  they  should  Ijc  found.  When  the 
contact  of  tiic  drift  with  ihe  Mn(K)thc(l  and  striated  ice-lloor  can 
be  observed  (sec  I-'ig.  6q,  p.  160),  the  change  is  sudden  and  abru|M, 
Ihe  drift  n-vttn^  u|H)n  the  hard,  dean,  unaltereil  nxlc,  not  at  all 
like  the  gradual  (ransilionof  soil,  subsoil,  and  mttcn  rock  (cf.  Fig. 
34,  |t.  106)  which  occurs  when  the  .-loIl  athitu  from  tiie  (l(.-coni|K>- 
sition  of  rock  in  place.  There  are  some  exceptions  to  this  rule, 
where  the  eriiaive  action  of  the  ice  wa>  fe«bie  and  iiiNufTiciCDl  lo 
remoTC  all  the  old  soil  and  rotten  rock,  but  such  exceptions  offer 
no  difTn  ul[y  of  explanation. 

Tlie  drift  itself  is  as  con\-incing  in  its  testimony  of  glacial  de- 
position ax  the  ice-floors  are  in  their  evidence  of  glacial  erosion. 
The  unstratified  drifl,  made  by  the  ice  alone,  m  the  form  of 
niorainen,  chiefly  terminal,  but  also  lateral  around  projixting 
lobes  of  the  ice,  are  highly  characteristic  of  glaciers,  as  arc  llie 
huge  erratic  and  perched  blocks,  which  often  have  travelled 
hundreds  of  miles.  The  ground  moraine,  or  till,  made  up  of 
finely  ground  rock-flour,  iu  which  are  embedded  boulders  large 
and  small,  many  of  them  faceted,  smotithed,  and  striated,  as  only 
ice-worn  boulders  can  be,  and  spread  out  in  sheets  of  very  variable 
thickness  't^  ^^^rge  boulderit  often  deposited  high  abw\'e  the  points 
whence  they  were  taken,  testifies  eloquently  that  it  was  accumulated 
by  moving  ice,  which  alone  can  depatit  Ihe  finest  and  the  coarsest 
materials  together  and  can  move  to  a  Urge  extent  independently 
of  the  io|Kigraphical  features.  The  maieriaU  of  the  til)  arc  mosdy 
of  local  origin  and  ha^'c  travelled  but  a  few  miles,  but  there  is 
altnoM  always  a  greater  or  less  adnii.\ture  of  stones  from  a  lung 
distance,  and  generally  these  are  smaller  in  proportion  to  the 
distance  tnivcWed,  Wca-Mst  oi  the  wear  to  which  tl»ey  have  been 
subjected. 
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The^stratiiicd  drift  i.i  no  les^  indicative  of  glacial  action .  Whether 
advancing  or  rvtn-xCing.  the  ice  margin  was  melting,  and  tlur  drift 
left  bv  reireaiing  icc-shecls  was  more  or  less  worked  over  by  water. 
Subglaciai  ^Ircams  discharging  in  v;illc)'»  mnit  valley  trains  (sec 
p.  ij4),  and  water  descending  iu  broad,  shallow  sbceu,  where 
the  ice  entlcd  on  a  plain,  made  overwiish  plains  '"'th  con- 
nected with  niorainic  deposits  at  their  head.  Eskers  arc  gravel- 
filled  {.uhglactul  timnels  hut  drumlinK  and  kamcs  olTer  much 
difficulty  of  inierprctation  and  have  not  yet  been  eJqdained  in  a 
way  tlvil  commands  geiier.-tt  aswrnt.  The  ice  barrier^  freijuently 
formed  lakes  large  and  small,  and  in  these  lakes  water-made  and 
i<emai)e  dc|><isit.t  were  intimately  a^-iociated.  The  glai'ial  theory 
"  distinctly  affirms  lliut  rivers  lakes,  the  sea,  icelxrgs,  and  pan-ice 
miL-it  have  coUperated  with  gUcier  ice  in  the  production  of  the 
drift,  each  in  its  appropriate  way  and  measure."  (Charalwrlin 
and  Salisbury.) 

I-lnally,  the  evidence  of  the  fossils,  marine  and  lerreslrial, 
animal  and  plant,  strongly  <iupporU  the  glacial  theory,  by  demon- 
strating a  general  refrigeration  of  the  climate,  whcti  .Arctic  mol- 
luscs lived  on  the  coa&ts  of  New  England  and  northern  Europe, 
and  Arctic  vegetation  <overecI  the  land*  in  low  tatiiu<le«,  and  Antic 
mammals,  like  the  reindeer  and  the  musk-ox,  descended  to  the 
south  of  Prance  and  In  Arkansas.  I'he  te>lim(>ny  iv  thuK  all  har- 
monious as  to  the  great  expansion  of  the  Pleistocene  glaciers  and 
ice<Hhecl!i. 

No  one  would  pretend  that  there  are  no  difficulties,  stili  unex- 
plained, in  tliv  way  uf  accepting  the  ilteory.  Some  of  the?«  have 
been  alluded  to  above;  another  is  the  enormous  thickness  of 
the  ice-sheets  required  by  the  evidence,  !«veral  thousand  feel,  for 
the  glacial  marks  swreu  over  the  lops  of  the  highest  mountains  in 
New  England  and  New  York.  On  tlic  other  hand,  it  is  hehl  by 
physicists  that  t6oo  feet  is  the  maximum  pos^ble  thickness  of  ice, 
as  a  greater  amount  would  tau>e  the  bottom  to  melt  from  prvsture, 
and  in  confirmation  of  Ihb  it  is  pointed  out  that  the  Antarctic  kik- 
cap  docs  not  exceed  ibc  theoretical  maximunv,  aiA  '^na.v. "  »x.  '^t« 
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present  day  no  ice  more  than  1600  feel  (thick)  h^  been  rccoixkd.' 
(Ferrar.)  This  c-onHict  of  cvidcnw  it  must  be  left  to  future  la- 
vesiigations  10  reconcile,  but  the  pnibable  solution  1*  to  !«  foutid 
in  the  (vtnperaiure  relations  of  the  ice.  The  theoretical  m3:(imum 
depends  upon  the  assumption  that  the  bottom  of  the  ice  is  at  cr 
near  ^1"  P.,  but  if  it  were  cc>n.->i(leral)Iy  belnw  thix,  the  ihicknes 
might  be  greatly  incrcftsed. 

Distribution  of  Pleistocene  GUciers.  — The  kc-shcels  were  local- 
ized, not  universal,  though  it  is  probable  that  the  eniire  world  ftii 
the  efrecLH  of  the  lowered  tem[ieraiure.  At  the  lime-  of  maximum 
extension  of  the  ice,  it  covered  nearly  4,000,000  square  rolli»  In 
North  America,  especially  toward  the  northea.-vl  of  the  contirwnt; 
in  Europe  the  icc-ca|)  which  co^-ercd  (he  north,  Great  Britain, 
Scandinana,  North  <iermany,  etc.,  is  computed  at  770,000  squan 
miles  (A.  Gcikic),  and  the  .Alps  were  dec[>ly  buried  in  ice,  which 
flovfcd  far  out  over  the  surrounding  lowlands.  Giaciaiion  in  Aisia 
was  principally  confined  to  the  mountain  ranges,  as  in  Asia  Minor: 
on  the  south  side  of  the  Himalayas  the  ice  descended  to  within 
3000  feel  of  Ihe  present  sea-level.  On  Mt.  Kenya,  which  is 
almost  on  the  equator  in  eastern  .Africa  and  still  has  glaciers,  tbe 
presumably  PleiMocciie  ice  covered  the  whole  mountain  like  a  cap, 
descending  5400  feet  Ix-low  the  present  glacier  limit.  In  New 
Zealand  the  ice  al*o  descended  below  the  present  sca-!evel  and 
some  of  the  old  moraines  stand  in  the  spa.  The  Au^traltaD  Alps 
and  the  western  highlands  of  Tasmania  bore  extensive  f^aders, 
which,  however,  endcil  1000  to  looo  feel  abo\'e  the  sea.  The 
glaciers  of  the  Patagonian  Andes  c-ttcnded  to  the  foot  of  the 
mountains  an<i  out  upon  tlic  plains,  which  were  then  probaMy 
submerged.  Thus,  the  northern  hemisphere,  abo^-e  all.  North 
America,  was  ibe  region  of  the  most  extensive  Pleistocene  glacia- 
ticm,  but  in  the  southern  hemisphere,  a»d  even  in  (be  tropics,  tls 
effcirl<  are  vimIiU-. 

GUciaJ  and  Inlerglscial  Stages.  —  It  is  slill  a  debuted  question, 
whether  there  was  a.  s\tt%\«  Glwiisil  age,  or  epoch,  during  which  the 

•sheet,  Ihoug^i  \\avvw^'nww\'j  tyviwAaa-aV  ■*&>iwwjt,iMN«  woswlx 
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dbopporcd,  or  whclbcf  ibcrc  wen  screnl  disttoct  Gtacjal  a^ 
when  ibc  tnuw  arrumulate*)  to  (ami  an  ire-cap  which  f^prcad  uul 
widely  ban  its  centres  of  dispersal,  tepantti  by  IntcrgUctml  ages 
when  the  fee-cap  Loaigiktely  radled  away.  AmaDu  Uodetily  ti 
these  probfems  the  prtfent  tendency  is  to  accept  the  multipk 
chararter  of  the  Cladal  and  Interracial  stages,  one  of  the  >tn)ng«^ 
iirgunwnts  (or  vhich  \»  (he  evidence  of  fiissils  showing  the  reium 
of  mild  and  even  warm  conditions  id  some  of  the  lotcrgtacial  at^n 
At  the  .name  lime,  there  U  mu<'h  dillerence  u(  i^nnion  rrgardinj! 
the  numt^er  of  thi;;«  (lisap[>ejran<:es  and  reappearances  of  tlic  ict 

Obviously,  the  prt^len  is  one  of  much  difficuhy,  because  eaifa 
adrante  of  the  ice  would  tend  to  reoMvc  the  older  <lrift,  or  to  bury 
it  out  of  §ighf  under  ncv  accuratilatioDs,  wbcn  erosion  wa:t  in- 
suffiiieni  tu  remove  it.  Only  on  the  margins  of  the  suixessit'e 
ke-sbcets,  where  they  but  partially  cxnncidcd,  should  we  expect  to 
find  the  evidence  p^(:^e^ved.  A  iieries  of  ^uch  advances  and  re- 
treats  of  the  ice  must  have  produced  an  exceedingly  complex  suc- 
ceasioii  of  ^ratified  and  unstraitlied  drift,  an<i  It  Lt  not  xuriirif'ing 
thai  the  tnlcrprctations  of  such  obscure  phcmimena  should  differ. 
If  tlic  iuper|>oscd  shceU  of  drift,  one  over  the  oll»er  (an  arrange- 
ment which  h  not  questioned),  were  scpskratcd  by  long,  truly 
loterglacial  lime^  then  each  drift-^heel  in  turn  muM  have  been 
ex|>oscd  lo  tlic  denuding  agencies  for  corres) Minding  lengths  <4 
lime  and  .Miould  cAhibii  the  various  stages  of  chemical  and  me- 
chanical di<jnlcgruti<>n  proportioned  to  (he  length  of  exposure. 
Between  the  earlier  and  later  drift*  there  should  be  manifest  differ- 
ences in  this  respect.  Further,  to  complete  the  cridcnce,  inter- 
glacial  deposits,  with  testimony  of  climatic  amelioration  from  the 
ftMsibi,  should  be  observed. 

The  following  comparatiw  table  gives  the  view*  on  this  subject 
of  Profesiors  Chambcrlin  and  Salisbury  (1}  for  the  Iklissi-fiippi 
valky,  of  Professor  James  Oeiktc  {II)  fur  Europe,  and  of  the 
PruA»ian  Geological  Survey  (III)  for  North  Ocimuiy. 
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Id  tbc  Alps,  Professor  Penck  hu  detenniiied  three  Glacial 
stages,  and  Hiiniingion  has  fountJ  evidence  of  five  in  the  moun- 
tains of  Turkestan. 

The  table  mu.->t  not  Ih;  undertlood  a^  attt'mpiing  t»  correlate  Ihc 
evmts  in  Kuropc  and  America,  as  that  would  be  premature.  At 
any  rale,  the  events  in  Ihc  two  ointinenin  did  not  currt--s|>ond  in 
the  way  which  the  tabic  seems  to  imply.  I-'or  example,  in  the 
la-M  of  CJelkie's  Glacial  .Ma^ce^.  the  Upper  and  I^wer  Turbartan, 
tbc  glaciensare  <i<-S(Tibc<t  as  ix^ing  restricted  to  the  high  buids  and 
.mountainii,  not  forming  a  general  ioe-shoci.  The  Mccktenburgian 
and  PdlanHihn  more  nearly  correspond  to  the  Witconsin, 

AnMriean.  —  At  the  time  of  greatest  expan.nion  the  ic«-sheets 
coventl  nearly  all  of  North  Amcricji  down  to  Int.  40"  N.,  an- 
ticipating tbe  conditions  of  modern  Greenland,  though  on  a  vastly 
Urger  i*ale.  Three  disttnd  centres  or  areas  of  maximum  nccumu* 
talion  of  the  ice  have  l>een  identified  in  northern  Canada,  from 
wbicb  ilw  great  ice-sheets  floired  outward  in  ul)  dire<;tit>ns,  though 
each  one  of  the  sheets  had  its  own  episodes  of  advance  aitd  ictKot.^ 
so  ifcaf  the  fatnt^  region  of  country  was  ovtiftWieAi^NW  ^  owm^ 
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•lions  fmm  one  tihcei,  and  ag^n  by  thav  from  another.  One  of 
Uieiae  cenlKs  of  accumulation  and  distribution  lay  to  the  north  d 
the  St.  Law-rent*  River,  and  on  the  highlands  of  Labrador,  wind- 
ing its  icc-manite  southward  over  ihc  Mariiimc  ['rovintes,  New 
Pnfcliuid,  and  the  Middle  Sutes,  as  far  west  u  the  Mi^-d^iffpt, 
River.  This  is  called  the  Ijiurtnlidf-,  w  LabradotMtt  Icrsheei  or 
Glader.  A  second  c«nlrc  was  near  the  west  coasi  of  Hudson's  Bay, 
and  from  this  area  the  ice  breamed  outwanl  in  all  directions  west- 
ward toward  the  Rocky  Mountains,  northward  to  the  Arctic  Ocean, 
ra.vlwartt  into  Hudson's  Bay,  Mtuthward  thmugh  Manitoba  into  the 
Dakota)!,  Minne§ola,  and  Iowa.  This  great  ice-sheet  bu  been 
named  the  K^ewalin  Clatter,  from  the  Canadian  dl'-irict  of  that 
name.  A  third  centre  was  formed  by  the  Cordillera  of  Brili.'^h 
Columbia,  which  for  a  distance  of  iioo  miics  was  buried  un<lcr 
a  grcal  ice-mantle  lliat  Howxid  Imth  to  the  northwestward  and 
southeastward.  To  thcw  large  and  wcUdefincd  centres  shoulii 
probably  lie  added  a  fourth,  \ew  found  I  and,  from  which,  there  i^ 
reason  to  think,  came  the  ice  which  crossed  Cape  Cod  and  extended 
over  Nantucket  Sound  to  the  Uland. 

In  addition  to  the  great  norihern  ice-cap,  large  local  glaciers 
accumulated  in  all  the  western  mountain.*  ranges:  the  Rncby 
Mountains,  as  far  south  as  New  Mexico,  the  Uinta,  Wasatch,  and 
Bii;horn  ranges,  and  the  Sierras  and  the  Cast^de^,  even  the  Siui 
l->anciM  II  Mountains  of  northern  Ariaina,  and  the  other  ranges  of 
the  wesicm  Cordillera,  all  bore  thousands  of  glaciers.  In  the:* 
mountains  alinait  every  valley  sh<)ws  thf  (-vidi-nces  of  former 
gUcialion,  in  cirques  at  the  head,  in  the  smoothed  and  striali 
walls  and  !)ed,  and  in  the  moraines  at  the  foot.  The  mount 
of  .Maska  wrre  hein"ily  glaciated,  but  not  the  lowtaoda. 

In  the  Mks^ssippi  valley  the  Pleistocene  se(|uence  b  best 
played.  The  first  known  advance  of  the  ice  (»ub-Aftonlan)  is 
registered  in  much  disintegrated  drift,  whicli  is  exposed  by  denu- 
dation in  Iowa.  A  siiniliu-  slteet  of  verj-  old  and  much  worn 
drift  whkh  extends  from  beneath  much  later  drift  in  New  Jtney 
and  Pennsylvania  mivf  \«  tA  vV  ^to*  4»«. 
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A  grral  retreat  of  llie  ice,  if  not  its  entire  clisap|)niriince,  brought 
about  interjtlacial  conditions  at  least  in  the  Mississippi  valley 
(AJlonian  stage).  The  surface  exfx>,»ed  by  the  retiring  ice  W4S 
occupied  by  vegetation,  which  in  many  places  in  Iowa  formed 
Accumulations  of  f>eai,  M>metinics  to  the  depth  of  15  feet.  The 
Kansan  stage  represents  the  greatest  extension  southwestward  of 
ihe  ice-shefl,  when  the  glacier  descended  from  the  north  (|X'rha|>s 
the  Kcewatin  glacier)  nearly  to  the  mouth  of  the  Ohio  River,  and 
spread  acniw  Iowa  and  Mlviourl  far  Into  Kansas  and  Nebraika. 
Ivftst  of  the  Mississippi  the  Kansan  drift  has  not  been  recognized. 
Again  came  a  lime  of  retreat,  when  soil  was  formed,  and  ihe 
Kansan  drift  was  eroded  and  deeply  dca>mposed,  and  peat  de- 
j>o.-ited  upon  it  {  Varmoiitli,  or  RutltiitiaH  stage).  A  renewed  ex- 
tension of  Ihe  ice  laid  <Jomn  the  JUinoit  iill-sheet,  which  is  found 
not  only  in  that  State,  hut  in  Iowa  also,  overlapping  the  Kan.'^n 
drift,  and  it  extends  to  Wi.^consin,  eastward  into  Ohio  and 
Indiana,  and  passes  under  later  till-shcets  to  the  nortbeasl. 
This  niinoian  drift  appcar%  to  t>e  derived  from  Ihe  t^urentide 
glacier. 

The  Sangamon  tnierglacial  de)MisiK  are  of  {>eal,  old  soil,  CIr. 
A  fourth  recrudescence  of  the  glacier  (lowan  stage)  occasioned 
the  deposit  of  another  lillshwl,  of  an  extent  noi  y«^l  determined, 
which  is  Ijosl  dinplaj-ed  in  nnrlheiistcm  Iowa,  where  il  is  intimately 
associated  with  the  largest  accumulaiion.''of  loess  in  the  MissL-Aippi 
valley.  The  Inwan  lill-sheet  is  followed  {!'forian  stage)  by 
inlerglaciat  deposits  which  are  perhaps  contemporaneous  with 
lhot<e  so  welt  shown  near  Toronto  on  I-akc  Ontario,  The  latter 
beds  form  a  succesMon  of  fine  shales  and  sand  that  tic  between 
two  sliccis  of  glacial  drift  and  are  divisible  into  two  parts;  the 
lower  (,Don  formation)  contains  many  fossils  of  which  the  plants, 
such  as  the  Pawpaw  an<l  the  Mock-orange,  indicate  a  climate 
distinctly  warmer  than  thai  of  ihe  region  at  present  and  about 
like  that  of  the  middle  I'nited  States.  The  fossils  of  the  uf^>er 
pan  (Scarhoro  formation)  indicate  a  cold  temperate  climate  and 
herald  the  approach  of  a  rettewed  g\ae,t&!lvin,  iirtiwVv  wv  Vxw*.' 
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recorded  in  the  overij^nj;  tDI.  Such  facts  up  difficult  to  explain, 
except  OS  the  result  of  truly  intcrglarial  (^onditiuos.  The  H'iscmt- 
sin  Niiiges  are  much  the  most  conspicuous  and  best  kn<>wn  of  all, 
and  the  ihcci*  of  till  and  drift  iircr  far  thicker  than  those  of  the  other 
Glacial  stases-  Especially  conspicuous  is  the  great  tcrmina] 
moraine,  or  rather  morainic  l»elt,  which  itjelf  records  many  episode? 
in  the  history  of  the  ice  and  which  ha^  been  traced  across  the 
continent.  Beginning  al  Nanlucki-l,  the  moraine  runs  through 
Long  island  and  Siatcn  Island  to  New  Jersey,  nbicli  it  crosses  into 
Pennsylvania;  here  it  Ix-nds  sharply  lo  the  northwest  to  the 
boundar>'  of  New  York,  but  turns  southwest  almost  at  a  right 
angle,  reaching  nearly  to  the  Ohio  River  at  Cincinnati.  It  crosset 
in  an  irregular,  sinuous  line  the  states  of  Indiana,  IllinoiN,  Iowa, 
and  ihi-tice  norlhwcstwani  through  the  Dakntas  into  Montana, 
where  it  nearly  follows  the  inlcmational  boundary  to  the  Pacific 
4:oa»t  mountain*  (see  Fig.  311). 

In  the  Eastern  Slates  there  is  no  such  clear  indication  of  .several 
succc*M>-e  ice- Invasions  as  in  ilie  MisHiisMpi)!  lalley,  the  WjsconMn 
erosion  and  its  thick  mantle  of  drift  removing  or  obscuring  the 
records  of  earlier  events.  The  remnants  of  »ery  aixient  t!l)-sheet£ 
in  New  Jersey  and  Pennsylvania  have  been  mentioned,  and  in  New 
York  and  New  England  nut  mure  than  (vro  or  three  invasions  can 
be  idcniiticd.  In  part,  this  may  be  due  lo  the  lalcr  dcvelopiiicnt 
of  the  I,aiirt:nti<le  glacier.  The  geoKigi.^i!'  of  the  Cana<iian  Survey 
believe  that,  "  beginning  al  the  west  and  going  eastward,  thwe 
ihn-e  great  glaciers  [f.r.  ihc Cordillera n,  Keewatin.andLaurrntide] 
reached  their  widest  extent  and  retired  in  succesaon."    (TjTrelJ.} 

'I'hc  final  retreat  of  the  ice  was  by  slow  stages  with  many  halts. 
In  ihe  central  West  are  preserved  many  lines  of  moraine,  with 
kettle-holes,  kames,  and  drumttnK,  which  mark  n-advances  and 
pauses  in  the  retreat. 

Probably  ^vcry  retreat  of  the  ice  was  ai'r<impanied  by  the 
formation  of  barrier  lakes  held  in  by  the  ice-front,  but  only  thuae 
of  ihc  final  recession  have  left  intelligible  records  of  ihemsch-cs. 
A   comparal»vc\y  «Tny\«  cas^  \*  i^'a\  *A  Vit*  K^kum.,  which 


GLACIAL  AND  l.NTERGLACWL  JJTAGES  779 

covered  Manitoba  andMinnrsola  with  a  grcst  sheet  vf  wiitcr,  700 
milc^  from  north  to  sotitli.  The  lake  wa.'^  formed  when  ihe 
Kecwatiti  gl.tcier  in  its  rctn-^it  hnil  fn.-e<]  iicuriy  all  of  .Msnitotiu 
from  the  ice  and  was  joined  by  the  Laiircniide  glacier  from  ihe 
east,  mnking  a  great  wal!  nf  ice  which  shut  otT  ihe  drainage  toward 
Hudw>n'5  Bay,  while  to  the  south  high  lan<l  held  back  the  lake  in 
that  dircition.  Tlie  water  of  ihc  lake  rose  u»lil  it  overflowed  the 
lowest  point  in  the  eoulhcrn  barrier  and  formcil  a  river  (ll'unen 
Ki-.YT,  now  ahandoned)  wliich  joined  Ihc  Misiiisippi,  The  lewl 
of  the  lake  was  gradually  lowered  a*  Warren  River  dce[x:ncd  its 
bed,  and  was  finally  discharged  when  the  retreat  of  the  ice  opened 
the  cmirsc  to  Hudson's  Bay. 

The  history  of  the  great  Laureniian  lakes  is  extremely  complex 
and  U  slowly  being  deciphered  by  the  combined  efforts  of  many 
workers.  The  changing  positions  of  the  lobes  which  projected 
from  Ihe  ice-froni,  the  numerous  basins,  now  connected  and  now 
severed,  as  the  water  rose  and  fell,  combined  with  glow  diastrophic 
movements,  make  up  a  very  intricalc  succe^ion  of  temporary 
lakes  and  shifting  oiiilrts.  Consideraiions  <)f  space  forbid  more 
than  a  brief  and  simplified  outline  of  this  interesting  story.  When 
tlic  ice  had  retreated  *o  far  a.'c  to  uncover  land  to  tbe  north  of  the 
divide  between  the  basins  of  the  St.  Lawrence  and  the  MissUsippi 
and  caslwartl  the  Hud.«in,  the  waicm  prwlut^ed  by  the  melting  of 
the  ice  were  held  in  between  those  diiidcs  and  the  ioc-fronl,  form- 
ing a  great  number  of  ;>malt  lakes  from  New  York  In  MinneM>i», 
three  of  which  require  mention  as  the  earliest  recordeij  stages  of 
the  Great  Lakes  at  a  time  when  most  of  their  pre.-'jent  ba'uns  was 
fiUcdbytheioc.  Uf  these  three  lakes  which  embraced  threepromi- 
nent  lobes  of  the  ice-front,  one  was  in  the  axis  of  Lake  Superior, 
one  at  the  southern  end  of  Lake  Michigan,  and  Ihe  thml  in  a  line 
with  Lake  Erie,  but  went  of  il,  and  each  discharged  by  a  separate 
outlet  to  the  Mis«is.<jppi. 
\  Omitting  several  intermediate  stages,  and  coming  to  a  time  when 
I  the  basia«  nf  I-itc  Michigan  and  Lake  Eric  and  ya-rt  «t  vVwa.  vi 
;      Lake  Ontario  bad  been  freed  l>y  Oie  leVt^aV  ol  \V»e\ct,'««^^vift&.  UAt     1 

i H ] 


THE  QUATERNARV  PERIOD 


WhUtlf4ty,  which  filled  itie  UaAn  o\  Lake  Erio,  bul  wa*  verj-  roucb 
larfjcr;  il  was  connected  along  ihc  icc-fr<ml  li>  the  north  with  the 
crcscvntic  I^kt  .Saginaw:,  ihai  discharg^ed  nctitward  inlii  I^ke 
ChieMgo,  a  larger  Lake  Michigan,  whk  h  nMaincd  its  original  outlet 
to  the  Mii,xts4ip|)i.  Lake  Whittlcrfy  was  succeeded  by  tMke 
Warren,  which  was  fonned  by  a  jiinition  wth  Lake  Saginaw  on 
the  northwest,  and  by  an  extension  along  the  ice-froni,  eastward 
into  New  York  and  nortlieaslward  into  Ontiirio,  but  >ti!l  diM^harg- 
ing  westward  to  Lake  Chicago  and  the  Mississippi.  Later,  how- 
ever. Lake  Warren  e\ieiided  into  central  New  York  and  emptied 
by  way  of  the  Mohawk  into  the  Hudson.  The  condition  of  the 
Erie  banin  now  becomes  obscure,  for  when,  after  several  changes, 
take  Iroquois  v-as  established,  it  was  merely  an  enlarge<l  Lake 
Ontario,  and  thtr  three  upjwr  lakes,  now  clear  of  ice,  had  coalesced 
into  the  great,  irregular  t^kf  Algonquin,  which  had  lost  ronivcc- 
tion  with  the  >fississippi  and  discharged  into  Lake  Iroquois,  at 
first  probably  by  the  line  of  the  St.  Olair  and  ihc  Erie  l>asin  and 
later  probably  along  the  course  of  the  present  Trent  across  the 
province  of  Ontario.  As  the  Mohawk  outlet  |fe-r>isled,  the  entire 
discharge  of  the  takes  was  into  the  Hudson,  but  whether  the  Eric 
basiti  wa.''  filled  with  water  as  it  certainly  was  son>ewhat  luicr,  has 
not  been  clearly  made  out.  Lake  Algonquin  was  eventually  cut 
off  from  !l»  connection  with  Lake  Iroquois  and  found  an  outlet  hf 
way  of  Lake  Nipis^ng  and  the  Ultawa  Kii-cr,  thus  severing  the 
aeries  of  lakes  into  two  independent  systems,  while  the  lowering 
of  the  water  level  in  Lake  Algonquin  had  divided  it  into  three 
lakes  which  had  very  nearly  the  present  outlines  of  Superior, 
Michigan,  and  Huron.  The  final  stage  in  the  history  is  connected 
with  the  Champlain  subsidence  and  reCleration  presently  to  he 
desi;rif>fd. 

The  ChampUin  Subsidence.  —  In  the  Glacial  epoch  a  subsi- 
dence had  !)egun  which  continued  until  it  became  a  vety  marked 
feature  of  the  times.  The  depression  was  greatest  toward  the 
north  and  cspcdaWv  mv\\e  vsiV'^  tA \V«Sv-XAwrcnte;  at  ihe  mouth 
of  the  Hudson,  tor  exa.TO^,\V\ajtA*.wAita«<ft.T;«a\«*.N»SM« 
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Us  pirscitt  IpvcI,  on  the  cou^l  of  Maine  150  lo  ^00  feel,  and  iti  the 
St.  Lawrence  valley  500  to  600  feet  below.  The  consequence  o( 
tl>e  <]ej)re»M(in  wa.^  tlial  aii  arm  of  the  sea  eslended  up  tbc  St. 
Lawrence  lo  Lake  Untario,  which  was  tittle,  if  at  all,  above  sen- 
level.  Two  long  and  narrow  pilfs  reached  out  from  this  sea,  one 
up  the  valley  of  the  Ottawa  River  and  (he  other  over  Lake  Cham- 
plain,  while  ihe  Hudson  River  appears  to  have  been  converted 
into  a  narrow  strait  cnnnccling  the  marine  waters  of  the  Champlain 
basin  with  those  of  the  Atlantic  where  New  York  Bay  now  is. 
The  lines  tif  raised  beaches,  the  fnwlf-  ami  graveU  filled  with  marine 
shells,  and  the  bones  of  whales  and  walruses,  arc  Ihe  present  evi- 
(lencc-'t  of  this  Mibmergence. 

The  Chamfilain  subsidence  and  Ihe  retlcvation  which  expelled  the 
Kca  from  the  Hudson  and  Ottawa  river?  and  from  the  basins  of 
Lakes  Ontario  andChamplaln  also  affected  theOrcal  Lakes.  Lake 
Iroquois  had  found  a  lower  outlet  than  the  Mohawk,  when  the  ke 
withdrew  from  Ihe  Adirondacks,  into  Lake  Champlain,  which  (hen 
discharfied  into  the  Hudson,  because  of  the  ice  barrier  to  the  north. 
Subsequently  (hi*  oullct  of  Lake  Iroquois  was  into  the  Champlain 
sea,  when  the  subsidence  had  drowned  the  Si-  Lawrence  valtey. 
Juki  when  the  Niagara  liegan  to  flow  t*  not  certain,  nor  when  the 
basin  of  Lake  Erie  was  refdled.  if  it  were  ever  emptied,  bul  so  long 
aitheupitcrlake-thadiheirouilelihrough  the  Ottawa,  the  Niagara 
carried  only  Ihe  discharge  of  Lake  I'Jie.  The  elevation  which 
followed  the  Champlain  subsidence  was  a<:citm)>aiiicrl  by  a  slight 
lilt  of  the  lake  region  to  the  southwest,  culling  off  the  Ottawa  out- 
let and  causing  the  three  upper  lakes  to  dischar^  into  Lake  Brie. 
The  consequent  change  in  the  volume  of  the  Niagara  is  registered 
in  the  sudden  increase  in  the  width  of  its  go^ge. 

The  Nos-GiACUTED  Areas 


In  the  non-glaciated  parts  of  the  continent  occur  stratified 
Pleistocene  <leposiLs,  which  it  is  very  dtffiruli  in  asMiciate  with  tKe 
events  taking  place  in  the  glacialcd  ana,  lot  WV.  <A  vk^  xtsKKM^ 
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of  cUrecl  comparUon.    On  iht-  Atlantic  slope  (niin  \cw  Jc: 
gouthwATil  a  succession  of  l*lvi»liKcnc  gravels  and  sands  constitutes 
the  Columbian  forroatioi),  so  called  because  of  iti  typical  develop- 
ment ill  the  District  of  Columbia.    These  di'iio&iis  are  ditfcnrnily 
Interpreted  by  those  who  haw  examined  them,  but  ihcy  apiiear  Ui 
be  Ijirgely  lliiviatilo  and  siili.-terial  mucli  likt'  the  Pliocene  l^ifa\'cltc. 
Tliree  parts  of  the  Columbia  formation  have  been  rccogn: 
which  byMimo  autlioriiics  are  regutled  as  three  tuccescKiv-e 
pressions  and  emergences  from  the  sea,  but  Ihc  difSculties  in 
inlerprel.ttiiin  are  such  lh:il  u  non  murine  origin  i.-'  more  pmbable. 
On  ihc  other  hhnd.  marine  fossils  tn  the  uppennost  of  the  thr« 
divisions  in  the  Chcsajicake  Bay  region  indicate  some  (Je|>res.»inn 
in  that  area.     Ail  the  divisions  contain  large  boulders  Iranspoitcd 
by  floalinR  'ce. 

Over  the  Great  Mains  from  Soiuh  Dakota  toTexns  the  surface 
formation  In  a  fine,  calcareous,  ■uindy  clay,  which  lies  unt  onform- 
ably  upon  the  eroded  surfaces  of  older  strata,  from  the  Blanco  to 
the  Cretaceous.  This  fiirmation  has  been  called  the  Shtridan  utage 
C'H^uus  W(^tfj"),(romShcndanCounly,M(:braska.  where  it  is  typi- 
cally displayed.  It  is,  to  a  large  extent,  of  eoiian  origin  and  in 
places  contains  }^at  numliers  of  fossil  lionet.  In  South  Dakota  (be 
Sheridan  passes  under  a  drift  sheet,  and  probably  it  corresponds  to, 
one  of  the  earlier  interglacial  sta^t.  ^H 

In  the  Great  Basin,  the  later  Pleistocene  had.  tcmi>orariiy  ^^ 
least,  a  much  lesn  arid  climate  than  at  present,  as  is  indieaicd  by 
the  many  takes  which  it  contained,  and  two  of  these,  Lakes  Bonne- 
villeandLalionlan,n'erc  very  large  (seep.  iiq).  The  former,  which 
was  in  (he  casicrn  part  of  the  Great  Basin,  had  an  outlet  north- 
ward to  the  Snake  River,  and  had  two  periods  of  expani^ion, 
sej)araUK]  by  one  of  almost  complete  desiccation.  L^kc  I..ahon 
which  had  no  outlet,  had  similar  episodes  of  rise  and  fall. 

On  the  Pacific  txiasi,  marine  PleUtocene  in  two  unconfmrnal 
sUgcs  occurs  in  southern  California  i  the  fauna  of  the  lower  st 
faas  still  a  <^)nu:w\\^v  rii>TVl\ecn  charactCT,  but  in  the  upper  si 
he  water  bccamt  wMmw  vVmi  Vx  '•&  ■osw.  i»»&.  ^s<ssp*■■>l 
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which  no  longer  live  on  the  California  coasl  were  i>rcscnl.  Pleis- 
tocene movemenu  affected  ihc  Pacific  coast  to  the  amuunl  oi 
3000  feel  in  the  Inyo  Mountains  of  California,  joo  feet  or  more 
on  the  coa^t  of  OreRon,  and  4000  feet  in  southcaMern  Alaska,  and 
increased  the  licighl  of  the  Sierra,  \Va»atch,  and  Ba^in  rungcK  and 
of  the  high  plateaus  of  Ctah  and  Arizona. 

The  \'ole;iiiic  uctivll)'  whi<'h  had  lieen  m>  very  ^l^iki:lg  during 
ihc  Tertiary  period  in  the  wrsiern  region  continued  into  the  Pleis- 
toi^ene,  us  in  to  l>e  seen  in  the  lava  flows  uf  the  Great  Ba^ln,  Ari2ona, 
Nen-  Mexico,  Idaho,  all  the  Pacific  States,  and  Alaska. 

Tile  laie  Pleistocene  wait  a  time  of  ameliorated  climate  and 
heavy  rainfall,  when  the  rtiiiKle<i  rivers  moved  sluggishly,  owing 
to  the  dimini^hed  slope,  and  spread  sheets  of  ^ands,  gravels,  and 
clays  over  their  tl<xxl  plains  ajid  In  Ihcir  estuaries,  through  which 
they  have  subsequently  cut  terraces,  when  elevation  had  given 
them  renewed  [kiwct. 

The  ewnts  cf  the  Glacial  epoch,  and  the  diaitropbic  movements 
which  accnm[>anicd  and  followed  it,  have  had  the  most  impor- 
tant and  widespread  effects  upon  the  topography  of  the  glaciated 
regions.  The  shert*  of  drifi,  straiificd  and  unslralificd,  have  com- 
pletely changed  the  surface  of  the  countn-,  and  by  filling  up  the 
pre-Glacial  valley:',  liave  revohitiomzed  the  drainage,  only  the 
largest  streams  being  able  to  regain  their  old  courses,  Innumer- 
abte  Iake>.  large  and  small,  were  formed  in  depre-i.Muns,  nxk  WtinK. 
and  liehind  mor^dnic  dams,  the  contrast  between  the  glaciated  and 
non-glaciated  regions  in  regard  to  the  number  of  kke^  in  «acfa 
being  wry  striking. 

The  Pleistocene  was  closed  and  the  Recent  epoch  inaugurated 
by  tt  mo^'ement  of  u;iheaval  which  raised  the  conlinenl  to  its 
present  height.  These  Pleistocene  movements  have  been  coJTW- 
lated  with  the  accumulation  and  removal  of  ilie  ice,  and  it  is  at 
tca:^  a  curious  coincictcnce  that  the  continent  should  have  slowly 
sunk  under  the  maximum  load  of  ice  and  have  riiwn  again  after 
ihc  ice  h.t<i  melted.  These  movements  were  gpiivc*  -KVyew  >lwt 
ice  was  ihickes*. 
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FOKEIGN  PLEtSTOCENB 

Ttif  Glacial  epoch  in  Kun>|ic  ran  a  coun*  rcrnvkably  parallel 
with  iis  hUiory  in  Nonh  Amcrka.  After  the  firsi  Glacial  and 
Iiiterglaci^  Mag^ck  (p«rha|Kt  repmcnting  ihe  sub-Aflonian  and 
Aflonian),  came  the  time  of  Ihe  greatest  expansioD  of  the  ice,  ibe 
SaxtmMM  niajgf:  uf  Geikie,  wbtcli  I.h  ticlicv«d  Ici  currrsiMiiul  to  tbc 
Kansan  uf  America.  The  great  centre  of  dispersion  was  the  Scan- 
dinavian peninsula,  where  the  ice  wai  pmbaWj-  fiooo  to  7000  feet 
thick,  and  ulivme  it  Howled  outurinxl,  filling  the  Bailie  and  Nurth 
seas,  and  coirerin);  Finland,  northwestern  Rusida,  Ihe  lowlands  of 
(nmnany,  and  extending  to  Englam).  The  Highlands  of  Scotland 
were  a  secondai}-  centre,  its  ice-sheets  flowing  into  the  North  Sea 
and  uniting  with  ihoxc  from  Scandinavia,  and  wcsiward  to  ibe 
ocean.  Tbc  Irish  Channel  was  abo  filled  up.  From  the  south- 
H-ent  of  Ireland  t«  the  North  Cape  of  Norway,  a  distance  of  2000 
miles,  was  probably  a  continuous  wall  of  ice  frootinj;  tl»c  sea,  Ulte 
that  which  now  surround*  the  Antarctic  continent.  At  ihesamc  time 
the  Alps  were  the  seat  of  enormous  glaciers,  only  the  highest  peaks 
ri.sfng  above  i)ie  sheets  of  ice,  and  these  great  i^acien  extended 
far  out  from  the  foot  of  the  mountains,  covering  all  the  lowlands 
of  Switzerland  and  extending  from  Austria  and  Bavaria,  on  (he 
cost,  to  the  Rhone  valley  near  Lj-ons,  on  tbc  west.  The  high 
plateau  of  A.sia,  from  the  Himalaya  to  Bering's  Sea,  shows  evi- 
dences of  gliKiation,  and  great  valley  glaciers  were  formed  on  the 
southern  sJopes  of  tbc  Himalayas,  extending  in  some  [daces  to 
within  3000  feet  of  the  sca-levcl. 

A  second  great  Glacial  stage  (the  fourth  Glacial  or  MetUen- 
burgian  of  Gcikic)  is  generally  recogniwrd  in  F.uri)|)e  and  cotre- 
lated  with  the  Wisconsin  stage  of  America.  'ITUs  ice-shcel  was 
much  less  exten.«)ve  than  the  former  one,  being  confined  prin- 
cipally to  l-'inland.  Scandinana,  the  Baltic  Sea,  which  it  filled. 
Denmark,  and  a  little  iti  north  Germany.  The  prevailing  motion 
of  this  sheel  wa^  Itom  easV  to  west.  The  Alpine  glaciers  were  abo 
extended  lar  beyoM  V^wi  vw«ft\  Xwttoa,  \»».  w*.-*!  V^dd^  as 

efore. 


Following  ihe  Mecklenburgian  siapr  came  allernating  periods 
of  milder  and  colder  climntcs,  the  fourth  and  fiflh  Inlergl.ic^i.nl, 
and  fifth  and  M\tii  Glaiial  slates  of  Ucikic,  the  Glacial  Mag^ 
marled,  not  by  ihc  furmalion  of  grrat  nmlinpntal  i<c-»h«;ts,  bul 
l)j-  ihe  extension  or  recrudc^ixncc  of  local  snow-fields  and  valley 
glaciers.  <^M-illalion:;  of  level  also  occurred  along  the  oouu, 
allowing  limilcd  iransgrc^ions  of  the  sea. 

1'hc  I'leisiorriie  of  the  oilier  cotiiineiiLi  has  been  connidered 
In  the  general  introductory  statements. 

Cimsft  of  the  Glacial  CHmalts. — This  is  !>ut  a  sfwcia)  iiie  of 
Ihe  general  problem  of  dimalic  changes  in  the  history  of  ihe  earth. 
We  now  know  ihal  ihe  Pleihtotene  glaciation  h  not  what  it  was 
oote  Eup|M>scd  to  l»c,  a  iinii|ue  phcnomeiion  in  geotogical  history. 
On  the  eontraiy,  in  at  least  three  other  periods,  Algonlcian,  Cam- 
briait,  and  Permian,  we  hiive  found  eviden<'e  of  glaciaiion  rivalling 
or  equalling  ihat  of  the  Pleistocene.  At  other  times  mild  and 
equable  climates  have  extended  fur  into  the  Arctic  regions. 

In  attempting  to  explain  these  remarkable  changes,  three  kinds 
of  a^ncicH  have  lietii  called  ujhjo:  (i)  AMnmomical,  or  change 
in  the  ]>o<.itiun  of  the  earth's  a.vis,  in  the  eccentricity  of  its  orbit, 
in  the  heat  radiated  from  the  sun,  etc.,  but  these  are  now  very 
genvTatly  discarded,  (r)  Gengrnphical,  or  changes  in  the  arrange- 
ment of  land  and  sea,  in  the  height  of  the  land,  direction  of  «c«an 
CurrenU,  clt.,  hut  none  of  these  seems  to  afford  any  rc;il  help  in 
solving  Ihc  problem.  {3)  The  most  promisingand  widely  favoured 
agency  of  climatic  changes  h  now  sought  in  variations  in  the  com- 
position of  Ihc  atmosphere,  especially  in  the  quantity  of  carbon 
dioxide  present.  Whatever  may  eventually  come  of  tliLi,  It  lias 
not  yet  advanced  beyond  the  stage  of  an  interesting  speculation. 


PImtocmt  Life 

The  frequent  ami  extreme  climatic  changes,  of  which  we  find 
such  abundant  evidence  in  tlic  PleLnucene,  c%.\mc&  cuAsTuiiw 
mi;;Taljunj  and  dhpcnions  of  animals  and  \A*ti\'s,  ax\i  >X»«  ' 
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succession  of  Arclic  and  ii-miitTiiio  fnrms  in  ihe  sanwr  region. 
Mnny  land  bridges  between  dilTcrcnt  continents,  or  between  con- 
tinents an<t  what  are  now  UJan<U,  were  not  :>cvered  until  the  end 
of  the  Pleistocene,  permitting  migrations  which  arc  no  longer 
possible.  I'hc  e.\leiiMon  of  ihe  ici;-»hi-ebi  hruuf^hl  with  ihcm 
Arctic  6oras  and  faunn^  which  retreated  in  the  Intcrglacial  tiroes, 
while  iem|ieraie  animal*  and  plants  spread  Tiunhn-ard  to  replace 
them.  Thew  conditions  produced  a  very  severe  struggle  for  eidst- 
enre  and  were  fatal  lu  a  great  many  large  mammaiit,  causing 
numerous  extinctions  over  the  larger  part  of  ihc  world. 

riei.-<ti)reiie  Phnli  are  almost  all  of  the  same  speci&s  as  thuM 
living,  hut  they  are  often  very  differently  distributed.    The 

tacial  cold  greatly  impoverished  the  European  forest*,  vrhi<:h  in 
the  Plioienc  had  many  kinds  <if  trees  now  fi>un<l  only  in  North 
America  or  in  eastern  Asia,  Owing  to  the  cast  and  nncsl  trend  of 
ihc  F.urrt|H-an  nmuntains,  the  forests  could  not  rtfire  before  the 
ice.  and  return,  as  ihey  did  in  the  United  Ststes,  where  no  moun- 
tain liarrien  shut  ihein  off  from  ihc  warm  latitudes  of  the  south. 
When  the  ice-sheds  melted  and  the  climate  was  ameliorated,  lite 
Artlic  flora  and  fauna  were  forced  lo  retreat  in  ilwir  turn;  Ihcy 
did  so  nol  only  by  follo»-ing  Ihc  retiring  ice-front,  but  aXsno  by 
ascending  the  mountains  as  the  latter  were  cleared  of  ice.  1'hus, 
high  mountains  in  the  northern  hemisphere  have  on  their  up]ier 
dopes  an  Arctic  Dora  and  fauna,  separated,  perhap.-.,  by  hiiiMlreds 
of  miles  from  Ihe  nearest  similar  colony.  For  example,  the  higher 
parts  of  the  White  Mountains  have  plants  which  do  nol  occur 
on  the  lowlands  until  Labrador  is  reached,  and  ihc  snowy  Alps 
have  truly  fVrctic  plant*  and  animals.  In  Europe  the  dixap|iear- 
anc'eof  the  Jce-shccls  was  followed  by  a  dryclimale,  when  a  fauna 
like  that  of  the  Russian  Steppes  extended  lo  wesieni  Europe. 

Of  PleistDi:ene  iinimriU  it  is  only  ihc  mammals  thai  require 
meniion.  Here  also  we  find  the  same  mingling  of  northern  anil 
MiUthcrn  fiirms,  and  association  of  ly[)cv  now  widely  separated. 
North  America  \\a4Ni.4«,o&'BVfty-»,.  a^v  extinct  type  of  elephant 
which  had  smaWct  aw.\  ■iwvvVw  i^vm&vsj.^**** 'iwav  <wt -wa*  de- 
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phanU),  Klephanl»,  Horses,  Tapin,  ihc  first  Bi.i(in.«  (which  hiii) 
migrated  from  (he  0I<]  World,  (i»  had  scv<Tal  kinds  of  Deer  and 
the  Mu4k-ox).  Peccaries  and  bupe  Llamas,  W<Jve*,  grcal  Cuts 
ns  large  as  lions,  S3t>rr-t(>oth  I'igcrs,  and  the  first  Bears,  al.w 
immigrants.  A  great  variety  of  Rodents  U  found,  most  «f  them 
kinds  which  Mill  inhabit  the  country,  but  mingled  with  these  are 
South  American  forms  like  the  Caviea  and  Water  Ho^  (Hydro- 
itiifrjis),  and  the  giant  Beaver  (CatUintiJet)  is  an  alloj^ther 
peculiar  form.  Knormous  Ground  Sloths  {.Megdihenum,  Myloden, 
and  M(galonyx')  antl  Gly])lndontft  show  thai  tlie  way  of  rnigru- 
lion  from  the  south  was  stil!  open. 

In  South  America  were  an  iuwtonisbing  nHmlier  of  huge  I-^den- 
talcs:  Sloths  nearly  as  large  as  elephants,  Ant-eaters,  and  a  mar- 
vellous variety  of  ^ant  Armadillos.  Some  of  the  immigniDts 
from  the  north,  which  arc  now  extinct,  still  lingered  in  the  Pleis- 
tocene, such  a*  [he  Ma.*lodons  and  Horses,  as  did  al.su  siimc  of 
the  peculiarly  South  American  hoofed  animals,  Tyfmtheris, 
Toxodontia,  and  I.UapUrtia.ihc  ancestors  of  which  may  be  traced 
back  almost  continuously  to  the  Noiosiylofs  lieds  of  tlic  Paleocene. 

Europe  was  the  meeting-ground  of  mammalian  types  now 
widely  scattered.  Together  with  Arctic  forms  like  the  Reindeer, 
fttusk-ox.  Mammoth  (Hairy  Elephant),  Hairy  Rhinoccnxs,  and 
the  Lemming  {MyoJtx)  were  found  southern  an!mal»,  such  a» 
the  Hippopotamus,  scwral  kinds  of  ICIephants  and  Rhinoceroses, 
Lions,  and  Hyxnas,  and  likeuHse  s[jri-ic»  allied  to  those  still  liv- 
ing in  Europe,  such  as  the  huge  Cave  Bear,  the  gigantic  Irish  I>ccr 
{Mfgateros),  and  great  Own.  Northern  Africa  was  jtnned  to 
Europe  by  way  of  Malta  and  Sicily,  and  probably  at  (librallar 
tUta,  permitting  fre<iuenl  inlermigration.s.  The  junction  of  Ire- 
land with  Great  Britain  and  of  both  with  the  continent  continued 
until  after  the  icc-sheeLs  had  disappeared,  90  that  these  islands, 
and  especially  Great  Britain,  were  stocked  by  the  continental 
animals  and  plant.<. 

In  the  Pleistocene  of  India  arc  Tound  many  animals.  idaiiAi.  ww* 
liw  oi>}y  in  Alriat,  such  as  l!»e  Baboon,  SpoWtA  H'j-jetv*.^  tsw.- 
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AmtrtUt  kad  »  Wri^nnrfw  mtmmiua  jmb*  rrMj  iij,  iriA 
lteMuf«iaa«4tlK  K1U  !>««  fC<««  i«v»J.  «J  MirwpJik.  a«ed 
to  AoH  wttdh  tffll  kkMl  ihM  n^cD.  but  ■»;  <i  dinn  «cn  d 
MHdjr  paler  liae  dua  dK  firiif  ioraft. 

Thr  fkuuxxat  Muaaak  air  frnwriitir  ivr  Ac  great  «r 
wUck  (Wirtnpiiilyi  omtf  <tf  ffaetn,  and  k  u  JBM  thew  wUck  faxve 
F»wH  svajr,  leaving  a  wurU  that  n  "  aiolopcal^  ia^ovcndmL** 
bul  it  nrtretibeicM  a  mudi  ncfr  agreeable  piav  <rf  nsHaxx  wiili- 
(Mji  ibe«.  Fttrtber  we  Dole,  (i)  tbai  the  PletAacene  mimnal* 
anr  in  grorraJ  Uice  the  mailer  fcnm  which  ban  cacaoicd  liKn 
in  ibe  HUBT  rvfbm*,  tjut  (s)  Ikal  ia  Eurupe  and  N'wili  Ancrfea 
Ihcrc  wat  a  oiaunio^ng  of  type*  oow  Jouod  ooly  in  widdy  sep*' 
ratcil  r«gioat. 

In  V.Mojur  Huh  finl  appran  io  ihr  carijr  Plri^ocroc.  It  ib 
albiKPfltcr  |>r<'liuljle  rhat  iIk  human  rai«  originated  in  Asia,  quhe 
kitUir  from  ihr  d'luliiful  K^liniMiy  at  ihr  I'liiKrnc  I'itheninlknpuf, 
ami  reaL'lird  Kurope  by  n){|;ra(ion.  The  most  ancient  European 
nwn,  nut  h  an  i)m-  "  Man  »(  Spy  "  in  Bclfpum,  arc  <>!  a  mucb  Inwcr 
l]r|M)  i>l)yMc«]|)'  (ban  liwMe  ol  the  later  Ptci^occtic;  only  in  the 
HettHt  age  do  tiimiikn  rrmatns  and  iinplcrnrnis  brcume  at  all 
cftnimon  and  m)  ibc  Kcccnt  or  Postglacial  lime  is  frequently  called 
Ibe  Human  PcriiMl,  ihc  descriiHion  of  whkh  i.i  railter  in  ilic  pf'v- 
\ntr  of  j)r('hi^ii)ric  Archtcologj-  than  in  thai  of  Geology.  Ulicther 
Man  readied  North  America  in  the  Pleiilocene  is  still  an  u|icn 
()Ue«ti'in,  ih'Xigh  Ihcrv  u  no  reason  why  he  should  not  linv-c  accorn- 
|iiii>lril  ihr  Olil  World  mammah  in  their  frequent  migration^  and 
(here  I»  Mune  rvideiicc  that  he  did  and  that  a  nice  <il(lcr  than  the 
American  IndiaJi  occupied  this  continent.  'Iliis  evidence,  bo«- 
enr,  U  int'  altugt-llier  concluKiw  iin<l  has  Ix-en  ^ul>je<:trd  to  a 
vlgumu*  def>irui;(ive  trnlicism,  so  ihat  many  authorities  are  alto- 
gnlher  Ke|itical.  On  (lie  other  hand,  the  undoubted  presence  of 
human  Imiio  In  ibr  Pleistocene  of  South  America,  iissortatcd 
with  a  mamm.iliaii  fjiuna  which  \»  almti.>i  eniirely  extinct,  lends 
Itklltional  ■tTtngth  to  the  fKMition  of  those  who  contend  that  Man 
had  rraclied  NiirtVv  \mcTv;«.\i«\OT*ft«'«e^««I&.1  &»:sfi^MwL 
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For  convenience  of  reference,  the  »y8lem  of  cUssI&calion  of  the 
animjils  and  plants  whkh  ha»  been  used  in  the  bool;  b  here  ^rcn 
in  tabular  form,  »millin)(  those  groups  vrhich  powess  no  imponaoce 

Eossils.    Croups  marked  with  an  asterisk  (*)  are  extinct. 
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^_asl05E 

■fiBh4ttiMfcm  I.    PR0TO7/)A. 
^m      ClMi  I.  Rkixopeda. 
^P  Order  1.  PtrtminfiM. 

1.  Kitiliiiliiriti. 

Sul>-Kmg*>ro  tl.    aELK.NTERATA. 

■    SHlvUranch  A.    roMrcHA. 
CkM  I.  Spoo^a,  S|)ont(rM. 
Sub-Clau  3.  SHfetoponcl*.  Slliccoui  Sponge. 
4.  Calciipootu,  Cdcareou*  Kpongo. 
Sub-Bt»iu:ti  B.    Cmuamia, 
C)a«>  I.  Anthoio* 
Sub-CLui  I.  •TetracoriJla,  PulinHMilc  C'orob. 
1.  Mcnuoralla,  .Mi'ilrni  Caralft. 
,t.  OcHKanll*,  Mudctn  CoraU. 
CUa  1.  Bydioioa. 
Sob^laM  I.  Hydromntusa. 

Older  I.  MydnKsrmllmir.  HytSuM  Conll. 

3.  Ttibiihritf.  Orgun  CoraJt. 

4.  *CrafMil»Uta,  iinpuMu*. 
Sub-ClBM  I.  AcalMttaM.  JtUyfehca. 

Swb-Kmgdooi  III.    ECHIVODERMATA. 
S«b-Bnfich  A.    Pki  UAiun>A. 
Clu*  I.  Crlnoid«a.  Si-n  l.ilW». 
Ottki  I.  ■/■lu/iiwafa. 
a.  *Camtnta. 
,V  Artkuiau. 
CloM  3   •Cntoldea 
J.  •Bmttoidea. 
Sub-Bniirh  H.     .\9;tleui».(, 
Clw>  1.  OphluToMM.  Bhti1«  Sian. 
I.  Aileroldea.  SurtUba. 
Sub-Bnnch  C.     t.iiiiNoKOA. 
CUm  I.  Echlnoldia.  SM-unJibift. 
S4ib<laB  t.  •PalMNUMiMM. 
1.  BttMUaoldM. 
Older  I.  Kfgutarri,  KeguUr  Sn-urch[D>. 

1.  Irrtfuiarts.  Spantaneahb,  Saad-doUkn. 
CUu  3-  Hototliur<MdeB,  Sr*  Cucumlien. 
SuhKtoipl^-a  tV.   \EHMI£S.  Wonns. 

7R9 


790 


APPENDIX 


Sul>-KIr.|idom  V.    BRVOEOA.  Soa  Mqhw. 
5ub-Km|iTli>in  VI,  IIKACHIOPUIJ^V  I.Anip  Shelb. 
Otder  I    Iiu>tUcm''ilti. 
3.  Arlkmiittit. 
Sub-Kinpiom  \1I.    MOU-USCA. 
CUuu  I.  PeUcnxxiA'  Bitalvp*. 
3.  Scaphoda.  Tu!>k-«>iclls. 

3.  Amphineuro- 

4.  Outropodn,  C^Hichs,  Whi-iks,  Cuwrits,  etc. 

5.  VUtofioia. 

6.  Cephalopoda. 
Sub-Clu»  I    Tc(ii)briiQi;liiBta, 

OfilM  1.  .\'au!iJi'idfo.  Prarlj-  Niuliliu. 
*.  *AiHniinoiilf-i,  Aramonim. 
Suti-Clara  3,  Dibranchiau. 

Onler  1.  *Bflrmni'idfa.  Bvlcmnila. 

1.  Stpiiiidtii.  CulTlcfisho,  Squids. 
1,  Oa-'fi"'!''.  Odnpusp*. 
Sub-Kicgdom  Vlit.    ARTHROPODA. 
Clius  I.  Cru«Ucea. 

Sub-Clius   I,  Utrcwtoiiiau. 
Order  i,  'Euryfilfrijo. 

a.  Xiph'iiuta.  IlnrK-ahoe  Crabn. 

Sub-Cliui  >.  •TdloUta. 

Sub-Clan  J.  BuctuttacMi,  Typical  Crutucca. 
Suprr-Oracr  I.  yhyUtipitiJa. 

3.  OsUatoda. 

4.  Cirriptdii).  Bamocln. 

5.  Jlfa/iuiufriiii. 

a.  Sehisopodii. 

3.  St"mitlopadii. 

4.  Dttapoda. 
Sub-Ordw  o.  Marruta.  Lobslcn,  etc 

fc,  flMfkj-um,  Cntlm. 
Cloa  0.  AraeliDida.  Spiiim  and  S«i[pion». 

3.  HyiUpoda.  Ceniipcdes. 

4.  Intccln,  IiixTU. 


Onkf 


3- 
4- 

S- 


OilhoptaOi  Co(kraitth<4.  Grajahoppers,  etc. 

Nturoptaa,  Caddii-die*.  Anl-Iiona,  etc. 

Himiplrta.  CiiadM,  cie. 

Di/i/efd.Flic*- 

Lepidoptna,  Biiticilllni  and  Moths. 

6.  Coleiiplrra.  litTllcw. 

7.  Hymrnoplrro.  Bta,  Waaps,  Anis,  etc. 
Sub-Kingdom  TX.    VEKTF.BRAT.A. 

Clns*  ».  •Ostraeodcrmata, 
V  Pisces.  Fiihci. 
SulK^ots  1.  SelacbU,  Khailu,  Kav-(,  ric. 

3.  W¥«wA,  V.\)Lnif^'"**- 
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4.  •ATtti/«dira. 

5.  T«l*o(tomi. 
Order  I.  Cretiopltrygii. 

1.  Arlinefilrr'i. 
Sub-Ordrr  t.  Ch,«iiJroslei or GoiiiiiU.^laTgran,Gat-piye,i:U 
1.    THnKtfhtti  or  TeUoih,  Hfrrinit,  Sal'tiun.  rie. 
Clnnj.  Amphibia. 

Ordw  I .  'SUgoetpltali. 

3.  VfoJtia,  Mu(I'puppi«,  Solamnndera. 
t.  Aniira,  Frotpi  anil  Tixtdk 

aast4.  ReprllU. 

Super-Orckr  •THE»iODO*nA. 
DrdtT  I.  'ColytoaurUt. 
a.  *  ThtTocrphalic. 

4.  *Aiiomo4omUa. 
Ofd«r  ■;.  *Platoiimliii. 

6.  'PUiw'nuria. 

7.  TfsiiulinaM.  Tortobtt  and  TurUo. 
Supcr-Order  DMnosAVSiA. 

Order    8,  'Prviitlofhimiii. 

10.  *Ftogano$auTia. 
I  r.  *i'!BiiilhodcitSia. 
i>.  'Pdycatauria. 

13.  'Cko'iitodtra. 

14.  RhyuikiMrfkaSia,  Nrw  Zraland  I.lutrd. 
Ordrr  I  J.  *Paraiashitl. 

IT.  *TMi)ttoiaufp3. 
18.  Cratedilia. 
Suborder  a.  Urtmutki*.  CinxnIiIcs,  AUigiilon. 
ft.  •TM^ttntnthia, 
Super-Order  •DwoSAUlilA. 
|Onlrr  iq,  'Tli*T«podii. 

It.  •OiUtopadn. 
Supfr-Ordcr  Sqi'.vuATA. 
fOrdra  31-  LofftlilM,  Liiaids. 
jj.  •.l/ojjiaKfia. 
14.  O^AiiJiii.  Snnkr*. 
Ordrr  J^.  •^(miioMrHi 
CtoM  s-  At«>,  Birds. 

Order  t,  *Saiirm»  (Artbimptrryx). 

I.  Ar<i/ir«,  WincirM  Binlt,  Osirkhn,  etc. 
jt.  d'liriiii^ir.  Flying  Birds. 
CtaM  &  Humnalbk 

SutnCiAM  I.  PmnoTRENiA. 

Older  I.  Uimtltrmata,  Spiny  Anl-ealcr,  Duck-Iiillrd 
t.  •3StdliiiAtrcidiaa. 
Sub-Clat»  a.  EVTUKtiA. 
SupcT-Urder  1.  MAJSUfiALtA,  Opomn,  ^woii^io.  i\<^- 
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Order    i.  Edtmtata.  Sloiht.  Armniililloii.  etc. 

I.  Ctlaita,  WhitlH,  rlf. 

J.  Sir^nia,  Sra-tuwA  and  Ougmgs. 

4.  liautivorii,  ^tol«.  HcdgrbiiiER,  eCc 

5.  CheiropUra,  Bbik. 

6.  •r'nu/onld.  Primitive  Flnb-ralcn. 

7.  Comfi'ora.  Dog»,  C«B,  Bc*n.  Scab,  dc. 
S.  *Tilimi«tUa. 
q.  *  rinuMfditJa, 

to.  KaJtnlia,  Rais,  Porcupine*,  Sqiutreb,  Hamt,  cii 
II.  *Conifylitrihra. 

la.  'AmUyfnda. 
l,i.  *Typulhrria. 
14'  'ToxoJonlia. 

16.  *Attrapolh*ria. 

17.  'Lileptetna. 
i&  HynKoidra,  Mutatn. 
19.  PnbBSciiita,  Eirphunu. 

10.  Atiioitaayla,  Pi^,  Cameln,  Deer,  Aoiclopes,  «U:. 
ai.  Prriiiodaay/a,  Honiex, Tnpin,  Rhlnoccroscfc 

»,V  l^iHiuonka,  Lemur*. 

14.  /'n'inu/>!>,  Miinkcyn,  A|«i),  Mitn. 


VEGETABLE  KINGDOM 

Sub-Kinmlom  A,    CRYPTOGAMiE.  FIowctImw  PlaalB. 
L    THALLOPIIVIA, 

CIbm  I.  Algn.  Siawifds.  cir. 

I.  Fiinti,  Mushrocmis.  etc. 
II.     BRVOPHYTA.  Mo*s«. 

III.  PTERinopHrrA. 

Class  I-  FUIe*les,  Ffrrn,. 

t.  E<iui«etalcs.  HrinrUil;. 

j.  LvcopodlaUs,  Cluh  Moosn. 
4.  •SpboKMibrlUles. 
r.  *C]rcBdofiUce*. 
Soh-Kingifom  B.     PHABEROGAM*.  Flowwtng  Planrs. 

IV.  GVMMOSrERM/E. 

Order  I.  Cycadalrs. 
Sub-Order  1.  Cytadncur. 

Order  i,  *CmJail<ir. 

3,  Cinpfcwtr*.  Maicl™-hair  Trr*. 

4.  CoHiftrx,  PiiiPii,  .Spructs,  elc. 
V.    ANniOSPF.KM.l'. 

Ci&U  I-  Moiioc*tyleili>ne».  Piilmi,  Grsww*,  Lille*.  ««C 
J.  DlcoVjVeiMW*.  "Okltt,  fe>»e»,  Crticlfcrs,  Mc. 
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Arfhft«soti/it%.  636 

^-IrihtflKj^j,  *&30,  &J4 

Arftic  lilt,  Jurauic,  67S; 
OnJuvii'ivi,  jftft;  Silu- 
rian,  (84;    l^iUBic.  ei6i 

Attilc  pUnti.  771,  7S0 

Arctic  rtKiLin*,  nxul  Ira, 
166;   bouMrn.  ijij 

Arctic  S».  Umnlonr  tank*. 
JJJ,  J5K;  luipcndnl 
mult  ill.  »6i 

Anlu'itk  hi'ric?,  6to 

Arrnig  writs,  JM 

AwlllaceDut,  depiwSu,  30J. 
MM;    mMerinli,  joi 

AricJ  rrgionK,  rhrmicnl  dc- 

SoiiH.  1B7;  conUnenlal 
cpwiB,  ajS;  lianuia^ 
tiuii  in.  446;  Liltn,  >i6, 
lie;  riv<r»,  14*;  (tunr 
in.  i5«;  *oil.  ltd;  wind 
ermion,   tio,   *■>■,  447, 

4tS 
AtieliUl,  6tl« 
Aiilum  %tagt,   7it,   1A0. 

/IniMMf.  •557 

ArkCM,  1*4 

ArniAdilfai,  jii,  741,   jjS, 

7*6.  7*7 
Arnold,  R.  7*1 
AtruigemcDl  of  rocki,  461 
AirhiniuiL.  ^ 
AriiiKUhtruim,  741 
Analaa  wctli,  131,  'rj* 
AnhcDdira,  entt.  hj; 
ArthropwU.  sjs.  573,  587. 

*M,  6ji,  650,  056.  ft70. 


ArtimlMlyla,  7»q,  Jf9,  f|> 

?**.  7«.  J4T.  75* 
ArUiiirput,  756 
Arurtdr]  »4h4|c,  J09 
Aiapktti,  573 
A'Mt.  114 
A>h  (volcanic),  55,  *fb,  37, 

"».  *«^  6'.  <*».  *i.  W. 
8},  )t6,  300;  (cnitnUiiii 
of.  81.  IJ7;  710,  jjii 
**A  761;    Wrjililird,  tSi 

AtiH,  Aritmn  of.  iir', 
Cambrian,  $53;  Cubv 
nifooui.  ttaji  On*- 
«(nu.7i3;  Dr*aaiaa,5<ii<, 
u^l  dmt  storim,  ito; 
Kxtne.  731.  jj4i  (aiife. 
nslcni^  464J  juiaoic, 
Uii  Mtoteiie,  7u;  Oil' 
goCTiif,  7*4;  OnfcvkUn, 
567;  pFri>iian,64j;t>Id*' 
lo«nc.  JJJ,  784;  Plio- 
(Fne,  ;fi4;  Silutiao,  5!^ 
I'rijwMc,  ^fir 

A>pba)l.  31A 

Auoin  tarUiiiB^r,  «i,  4* 
Aufioiiljilicin,         fftjupi^alK', 

tei.  4«s 

Aslrroidca.   jJj,    586,   ftj], 

Akiian  tla£f.  714 
Anloria  tttfft,  j)« 
Aniaoipongia.  'sSs,  586 
Axrapotheiia,  759 

Asljtfiifvngia,  586 
Aiyminnric  (ptem,  7 
^lA>r£t,  595,  603.  ftji 
Atlantic  coaM,  CittM-ttnt, 
J<H,    70ft,   70S;     tCurcnt, 
J19;  t^uarm.  a;i;  Min- 
crnc,  748:  PliocTnf,  754; 
rait  inanbt*.  174 
Atlantic      Orcati,      eatlh' 
quakes,  40,  4  ■ ;  volcanoes 

Alfai  MtS,  dcvatkiii,  -lA 
Atmocpbrrc.  5;  ilraira(li« 

br,  QQ.  100.  i4«.  14A 
AloU*.  )«i5 

Alrattiia.  673 

At4D'U^    10,    t8.    t»j,  I*): 

'"S.   »9J.   *9*.   3?°'  4W- 

\     iiivait;  -■ndraito,  ni- 
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614-      Cff^ 

1;      e<x*n«, 
lie,  6B]  1  Mlcr- 

Uniarliian, 
niun,      O4*  1 

TJ»:  Silii- 
rrtawlc.  Cfil 
U,  15a,  (10 
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t»7.  iU 

,7'B 

•lOB.     •no. 

>».  6a« 

'■*''?. 

M,  frju.  on 
u.  *s> 
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J* 

;  boalden  la, 

,    *io;     dia- 
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win*.    4»J. 

lulphate,  41 6 

m,  »S3!    to 
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II«mIi,  )<>j.  mo.  jo.i.  *b6: 

-brrKxia,  jot;  culumtur. 

J69 :       -ouiclUn.      tl>^ '. 

■porphyry,  jijj;  •lufl.  joi 
Etntr^Irvri  c^  rrminn,    lOI, 

<jq.  4JX.  430.  «4>.  4<4. 

4S>.4lM>  ill.  Si».  S'j; 

lool,  444.  446 
BMrmrnl   complci.   534 
Bauc  tocks,  )<»,  19J,  194; 

menu  In.  4»S 
Uuin    Kiii|;»,    50S;     rlr- 

miiim,  7j),  ;K3 
Bjuins.  inlcrior  (oDlIacitlfll. 

is».  >oi.»79:  I""".  "J: 

ocFftn,  '144;    01  lolainK, 

BaihalJihi.  193.  «0I,  4«S. 

if".  J 14.  SM 
Bathnniaii  Mnr*.  6;; 
"•J^   4'M.   404.   4fl5.   406, 


4«9-  S»>  S"' 
BoKb, 


.    S46.    4«i;     coral, 

'**;  B'*"«'i  ^46. 'li;; 

Uhr,  ijfi,   •»17;   intUna. 

litin  o(.  ijs 
BcBdi-rock,     to?;      -Mn'I. 

}fn;     -will,    •a4a.    IMJ, 
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Bnr  Butle,  am.  ■401.  4^0 
Bmt^  7W.  ji7 
Boufan  tcna,  666 
Bravrr.  tiaal.  7X7 
BownlaMi  Crrti.  4ISH 
Bcavm,  ;4j,  jjS 
Bctr^l  Msec.  J90 
BnliiiiiR,     nocitoRtal     •ml 

oblique,  iMj 
Bedding- ploiMa,    Irt.  IHS: 

obllunticm  ol,   4ft&.  417 
B<nhn.  716,  7J5 
Btttbcf,  Capt,  lis 
Bccknumtaini '  iUff,    J60. 

MS 
B^kmnUMi,  *7i5,  718 
MmwhIus.  "Mo.  7»( 
Bdcnmiio.  6^^  6;j,  ■689. 

«W.  7i«,.7»J.  J»0.  7J<* 
Bflnniiciota.    >m    Btlem- 

nita 
Bdllnwpkn. 'Ajj.  6j4.  651 
B«ll}'  ftiTCT  Mai;*.  ;«i.  TOB 
Bdodon.  ft74.  **5S 
Bell  of  nmthrriiiH.  9B 
B(ll  Wrranc.  ;4i,  $44 
BfoiulliliMc.  M4,  714 
Bentan   >Iimr.   701.   VU 
Bcnmula,  Madi.  19a;  iimii- 

[ixk,  »76 
BtmiUti,  »in 


Bryrk'h,  }i6 

Big  Horn  Ml»,  "jjj  "js 

*4S! 

Hln.iry  grmiEtc.  *96 
Bieitilr,  lA,  aKtiL   iqj,  r^i, 

"VS.   »9*.   »97.  408,  4tij 

'indcvle.  t9^  ■ 

Biidi,  M«,  69J,  ;io,    jjS, 

756;  DiKhllrM.  73« 
£lrlrsM.  'sSg 
Bitan.  }S7 

Bii-ilvi'i,  i«  Pcl(ryp;ilii 
HU''k   Farr»i.  460.  4f»7 
Blj£k  Ililis,  505.  J4>.  S^l 

6  JO 
Black  Riva  Mavr,  5te 
Black  S<a.  drttu,  no 
Bianco  tu«T.  7J4,  ;6i 
Bluloldca.    t4}>   V'-  S*^ 

tei,  SW.  6  5  J,  670 
AJIiflU«lpcrrnui.   *s^   5} J 
Block  mounlaifti,  464 
Blocki,     y,     voIquJc^ 

Blue   Ridm,   (04.   51] 
Bob    acrurcuUtiona.     t^x 

iron  ore,  1^ 
Bosodut  icb,  «a 
BokLmlil  bed*,  j^ 
BomlM,  volcanic,  'to.  SI,  \ 

Bony   Piiho,  tH  TriRMUl  | 

Bnrix.*  ig;,  J16,  ajS 

Boion.  «o«.4(« 

Boltom-KI  bcdi, 

Bouci.  400 

Bniildn  braclM*.  f5>;-(laj, 

>ij,  (Hi,  644.  04J 
Bouldrn.  lid.  jm;    coral, 

'6j;    iflaciat.    161,    *)ao, 

644:  llRctat,  I4til  «l 
^kIiI  iimnu.  "jji. 
sj;;  o(  wrathering, 'iMi 
■06 

BnKUofoda.  ^44.  (4;.  nsn, 
jjt.  (sa,  60J.  6j4.  6ji. 
ftjis,  A71.  6Bj,  717;  Ar- 
licula>«,  J5t;  Inankulat^ 

BracUtb-miler       aniauU, 

»J4 

Bnchfur*,  6*7.   ji;,  736 
BradjKim.  iq  . 

Brahiiuinian      Maur,      6SS,  J 

Mt 
Br*hiBapooUa     R.      drita, 
iio,  jr4 
I  BmhiMlktwnwB .  '}*, 
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■  W,   1*9,  ijo 

•7J.  J**.  ;j* 

.  (7*  'JT* 

tttm^u.  It 
Bttmm  AMI.  Jt4 
«B>ran*,  J  j»,  17$.  *)4.  »J». 

BihIubwi  ••■■c,   77I<  tYf 
0MMWW,  51J.  -JJA 

Ml  4 

RuuardL  tjs 
Byn»»itiit,  'it A 

CaUm,    loafcn    by    cardi' 

c«««"'. ;« 

UlwBitn.  ■^A,  ttJ.  AA 

C«tii  cnwu,  MW.  y>i,  s«) 
CUcateou*.   ilfpodu,    14 1; 

duMl-WMtT,      14},      M); 

malntftli,  30)  1  Biiwral*, 

CiklfCTcm  •lait",  Aij 
Ctkilr,  11.  I*.  }«i.  J07. 
*»*.  «»».  «IJ.  4>T.  41S. 
4>1.  M5.  4»i.  J»«;  «- 
iryiiillUallon  ul,  jii,  (if 
C'alnuRi.  A;  [BrlnnutP,  It^ 
mj.  iSK,  100,  r«i,  195, 
%iAi.  tij,  'n*,  ijj,  tb*. 
rM,  j6},    *(i9,  ifo,  »;i, 

cUpriil*.  H»,  fit;  pW- 
tiMiiv  i«4;  (itlpfiile,  >•, 
fi»,  jj;,  166 
VMifnu.  •A40 
C&UiiTUn  Hrrln.  A]7,  A79 
CtluoMhiKhlc  Rage.  714 
CaljmmnH.  sjj.  "siii,  5«; 


cnox 


Cmmtc    >rf    rt*cn^    «M. 

C-^.  yi, 

Cirtoo.  6,  ifl7,  j>«.  jt|, 

CarinoacEM*      ■■  1  ■iimU 

&-^  ]>4 
Cvbenuo,  i«4 
CwtwoailM    «f    ■laash. 

9a,  MM 
Cubao^intidr.  »i,  9».  lot. 

■•*.   iqi,  i«s.  ifl7.  J71. 

4«7.  415 
CarbonUtrow.    5)1.     547. 

tarn-.    Loavr,  SMK  »». 

61,1,    6)4;     Uppn.   ftio, 

«l«,  61  ].  *14 
Ca/ii»itfr,  "Jij,  717 

Cuihhevi  Sea.  jt  1 
CvinUiun  txagt.  65S 
Cornivora,    jj»,    jj^   745. 
J4?-  y« 

C'-irTOCrnu,   "sBs,    5S6 
Caacaalc  Mm,  4JKj;     «!«¥»■ 

tica,  Ml 
Cucada,  (14 
Ci*|>i«n    Sc*.  )17;   dfltn, 

>io 
Caiiidulmi.  717 

ClUU,  'jlq 

CMaiatu.  ^EUcia),  164 
CaiBMroptuaoi.  51T 
Cufiahn.  718 
i'itlof4trta,  ft  J  J 
Call,  ;^j.  jftft.  7*7 
CnaUlf    Mu,  aiicanu  of. 


:^£ 


CauLfll    «laitr,    500,    AIM. 


■mlirtiin,   511,  t«b.  fttft  \     v^ 
|BbU.  MJ.  J47,  :S7.  lM>\ea»«rM."«»» 


If.    *f<; 

■oj.    mA   yat: 

OMK,   t»S.    »«*.   JO* 

1>K  o* 


CMSalAracrira.  culb 
qwkn.  40,  «•■  tei  OB 
VKW.    741 ;     PBdco^ 

CcRDvqilter*.  } 
CifiktUtfB,  bet.  teO 
CaphalBfKds.  SS«.  J7^ 
HB,  5<«.  te4.  6m.  Dfl 
4j(t.  S7'.  «•».  7'T 
Cirdtiffi.  6;  J 
Ttnteau,  6s*.  *TJ.  •«< 
CcaMaaBnu,  too 

Ctrilkimm,  671 
Chirn.  iBiniMMa.  504 
CtekrdoDT-,  IS.   itj,   im 

OhSI,  •ail.  TOO 
ChMBberiia.    T      C     JA^ 

ChoMpUn  nbaidRict^  7H 

CT  lBtr<.  aeotragfcital.  nS 
of  icrtl,  Kfi  hotiiemui 
iourala.  i»y,  «cn(f«l  ■■ 
itnu.  iS;i  <ij  Mmpctri 
luic.  118,  I  Bo 

ChAaiirb.  ancient  irm, 
•no.  907,  ■«« 

Charewood  Feral,  440 

Chatuboochce   Maite,  Jtt 

Chautauquan  soia^  5m 
APS 

Chaiy  aWgc.  J60.  M3.  S« 

(.'WiniJiu,  fijs 

(~i<'m>(Arru>iH,  074 
I  (.'SrcnJi-iil  aElian.  hnr  (>(](»>' 

\     vouia.    v^^-.  <^   nit. 


iJi;  by  *ea-Pf«Mr,  •r73. 

174;     bf     und«Bniunil 
Fwaicr.  116 

linl    drpotili.    kuiil. 

18}:      Ulu.     »o.    11^; 
'■■XCT.iM;  prclpi- 

talra,  jo; 
Cn<muTi«  >taiir.  s-jo.  SBO 
Chctl.  13.  aw.  313.  iJi 
Chnsp^skc  Bay,  jj.  4^5, 

501 ;    ruuaiy.  >74 
Qicsaprakr  ilBfir,  7)4 
Oifsiauu,  71& 
Lliicliauvr  li(iicc>  ''-t 
QiicD  triiT^  7a).  110 
CUBiarendn.  ago 
CitlpaU  lUflc.  ;>4 
CJil<«ioc,  6 
CtiloHlc.  !»,  iiq 
Ckmrtfi.  "ftoi.  60J,  "fe^. 

cticKioiiih*.  »9n,  40] 

C^Hitoil«ra,       71*.      J>3, 

'"l'«y.Bfnl'«>™'.  J»'. 
MI.  i»! 
(,  ttjt,  •M5.6S&.  -ift 

.,  JJI 
nati    atiticlinr,    MS, 

innatiiin  trrin,  560 
inabM,  lu 
lUtion  a  matler.  24, 
)«■ 
m.  ftlKial,  164.  ;io 
I.  !*r.  IS*.  J«* 
>(*/.  'et* 
"Clai(>ciror  •la<c  7J4 
a«iVr.  F  W.  6;   J  >r.  s»s. 

rjuivLrA.  661t 

Clajr.  lOtt  167,  iji.  IM. 
ift?.  »*^.  S»».  JM.  3M. 
.(Of.,  116,41;;  l^clt,io6; 
(««ii(lloiu.  J14;  !n  Ulici. 
•  18,119,  ')«:  iDftanuir- 
pbina  of,  4«7:  'otniut 
fwl.  "J4.  »4l.  ai9.  »;«, 
i7q:  porcdiin,  396;  |kiI- 
tfT»'.  J06:  r«(k».  nwu* 
morehBm  of,  40^ ;  wtilinK 
in  brine.  i*ji  ilwdl- 
watcr,  156 

Ck>r  Fork  uaK«.  «.i;.  OW 

CIcavnRc.  tnintt*!,  9,  II. 
4ri:  of  IflneKui  ruki. 
410;  •Uty,  j;»,  "Jlft 
4>}>  4Jj;    caiiv  of.  41)1 

in  mouatwas,  $a«,  jM 


Cliff*  168,  40t,  4qj:  inEuird 
rockt.  45t;  at  faull- 
»c»fp^  J4^  4* J.  •464. 
•465 

(linodVfni^iM,  'SS*.  *STi 

Climait.  nrlj,  446;  Algon- 
kiin,  14];  C.tilK>iii(rTaii«, 
ftii4;  C<(ifixoir.  7  J I :  C(r- 
larcoiu,  713;  Ucvoninn. 
600;  etferu  of,  on  tonti- 
nrnlal  dr[Knitt,  140;  on 
<lr|XMititin.  lib:  on  fo- 
don.  1001  on  marine  dp- 
podla.  171.  >;3l  Eoocne. 
7}(;  Inlrrgladal,  777; 
Jiironic.  nXj:  Mnufoic, 
6JI:  Miocene,  759.  JO7: 
Olijtocent,  74;:  Oido- 
viclan,  (A7;  Paicoioic, 
tAi;  rtrnian.  645; 
MeiilOMnt,  785,  7tl>; 
Ptioant,  ;6t  ;  pluvinl. 
4jq;  SiTbriAn,  5A4;  (oik»' 
ar«j)''«*'  tffrti*  tif.  4J0. 
44).  4IS1  Triauic.  60; 

Climallc  cbaniin.  4(0^  J>g; 
faiiac*  of,  7R5;  eSccl  on 
riwr^  4-)! 

Clinomr-itr,  |)6 

Clinun  >u^.  J7B.  SRI,  5SS 

Ctunian  Wnc4,  578 

Cf^n^nH,  do4 

Cl;meni*  I.lmntont,  jgo 

Clf  naurotdra.  6fta 

Coal,  iqh,  jafi,  3H.  «I8: 
aiilhradtr.  31JI.  418; 
hitufninoia,  jis:  brown, 
iU.  74j;  cftdnel.  jiS! 
Crttuccnu,  704,  706,  jog. 
710.  7>j;  luraHu-,  Mti; 
Mnuum^  Oio,  017.  6«*. 
61  j ;     mciamorpEiUm    of, 

407.    4»),    41R-.     Mi'XCDt. 

75';  oriitin  «(,  6 1  * ;  Main*. 
■<ra.  .104<  j>o:  tccniliiiu- 
minoiu,  jij;  steam.  )I5; 
I'riMiic.',  660,  A(>4.  MT- 
668 

Co(ui-lcr.  166 

Coiul  Range.  )04 :  elevation. 
Ml.  TS'.  7591  (»ull-«l- 
ley*.  467;  tnkknrai  ol 
«f"».  JOJ 

Coatu,  ailjuitnl,  49).  4Aft, 
501:  olu.  AOOb  JO); 
(leterDiinrd  by  nurine 
rioaion.  411JU  jot;  by 
atruciiirt',  foi;  b«  uili- 
a(!rtal  cnnion.  '  50s; 
liuked,   joi:    flu,  49*, 


-<— r^ 


491.  4«4.  (Ol :  folded, 
jo>;  ineguUt,  441,  4M, 

JOO.  501;  loMIe,  49>, 
001;  old,  445;  (^"i 
409.  591,  501;  KtTIte, 
40j;  »'«p.  401.  493. 
494;  Weill  of.  i6;:yiiutn- 
ful,  494 

Cobblnlonra,  J04:  in  del> 
ua,  11 J 

Cubleniian  lauiia,  in»iton 

Cobwnaan  wnci,  $09 
Cobl«»kUI  Hafie.  tjS.  Ma 
Caaaiuiu.  4o6.  ■&; 
C«ikr»unu,  67} 
Cod.  718 

CirlrMitrrata.  j;o.  bo>.  6*9, 

650.  6;o.  6«ft,  716 
Coymani  slue.  590 
Cdke,  nalural.  409 
Colrinan.  A  I*.  54] 
Ciilcnjiirin.  671".  0S7 
ColoriLda  Rim'.  ij6.    144, 

1»».  141.  :s» 
Colorado  wria.  ;oi.  ?08 
Colaurins  of  nK'liB,  1 1.  103 
Columbia  Rivet.  4SJ,  4Jt4, 

4»l 
C^iliiiiiliisn   turmation,  7S1 

Columnar  joinlinit,  76,  '77, 

Comanche  lene*,  701,  Via,  , 

;oi.  706 
(Tamofiita.  686 
Combinaliont  of  oydak,  i« 
CconRMnity,  coal-butii  ei,\ 

6(9 
ComoTPt  Ida,  54 
Como  Kut.  Mo 
CompnuliMi,    latmJ,  j4s. 

)."•  3S»-  3*0.  J*».  .103. 

3*4.  J*li.  W7.  411.  41*. 

41S.  4JJ.  HOB:  CDDioiisln- 
Hcnnui  iJ, 
igneoutrtickK. 
mounuim,  595,  i 

MM;   otDMsk.  40ji   n- 

lutrecce^,  joS;  Mronil' 

»iy,  366 

ConnnlraUoo,  ukareooi, 
)0);  of  iron,  18;;  of 
material.  183:  oi  mrtah, 

4(8;    liliCMUS.  J4J 

Ccmrrellaai,      j».      *JiJ, 


4IS.  43J.  "VH: 
lion  m,  17  p 
jftg,  367;  <  J  ign 
396;  ««  moun 


irV   Ptj^ 
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C'liitn.  ixilcaiut.  *Kl,  •84, 
•«S,  "«*■  •«:■  JSO.  4J.); 
bun«d  )Kft;  iJniuilatiiiii 
.or.  JS^,  4S0 
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>0«*l"".  I'*.  J»<."jM. 
■iJ^ll  MVlUdnnM.  MM. 
!■*;  ina^laililnl.  "m, 

driiianRiMikin    i4.     ki, 

BsrpMO   ■>'■    40^  *<' 
•»•:      Mtneram,     W 


••». 


1.VUKX 


tantta  oriilii.   1141  rip- 
fJ- ■—•*■■'   •»4»;  "rtn* 
*ni 

Scnum-'"  -!..!['.  7:5.  11: 
SuMlnr.  t.-L  iqi 
S«nu  Cnu  •■*CT.  Ijt,  75K 
S«nt*  KtMM.  51 
SMUnrtn,  6; 

SwaUKUi  cparh.  HO 
SwouUMi  Sfs,  :si.  7*4 
Xam^/w.  J14.  7'» 
Savlle  Kmi,  t«i.  >*j 
SMonkn  (Uv,  )]},  IM 
Scaaiui  M«cr.  7tS 
5MM«n,*7<5.iii 
StariHWo  hnottiak,  77* 
Scaur     tJaiMoa*     anh*, 

4(0^  *l  J 
SttUi»mmim,  ftyft 
ScMiracr,  71* 
ScUM.  •4*..  ■■-    -"— r. 

Uisdr,  41'  ,  ->. 

411.  41b.   *4tl,   i|iuru. 
nOi  uk.  4>> 

SiWiu,    (lyMaBnr,     4Wi 

UbiW  «f.  4:« 
A><*i«J>«.  'SI  I 

StWnind*.  tej 
5(Un*xft^;iT 
Vboh4<W  CmL.  rapiuK  ol. 

Sihtiharif  UMT.Sta.  AM 
SrtiwJnttrm,  ■)•«.  t]} 

Jir*M|nJM,  a»» 
Snwlu«««4   tniitfv,    MA, 

(Ml 

Srorl*.  n.  Tl.  7^.  I*.  ». 

1-    ■  ■    -'4*7 
S.  -    ftl» 

Sryihli  trnn.  fttll  Ml 

SvB.  Ai  i^KT  t4  ■rmmvU- 

UOQ.   itj;  <rian   hnMInc 

In,    n%i   ilnlnKifun   t>f, 

1*1.     4*0 :     pmlfBlallat 

S*»<a*n.  mi:  -(w.  4«): 
■tMMM.  44>:  -tknr,  (n- 
riliilMi.41 


I     "';i.'i* 


MM. 


8I! 


8*«-m*«,  ruili.iaaL*.  44 
ScM,  MKlMnl,  1 1 1 ;  ikpoUt* 

(m  had-lotfanL  44] 
SratMaM.«il 
&!■«<»<*.  t4f  1  ■■  UwlBm) 

iBiU«n,  ]■■!  I ilmnnn. 

■SHI  CcnlllM.  tOj,  •}« 
Vranlaiy  cnuiv  T"4 
SMOMI1117  X'u.  •»>.  ^t 
SMnun'  IlinK  ;i» 
S«|ntik,  A.  i4«.  ir*.  >*" 
S«dMiniU    (Ttilina    nt.    to 

Inwh  wain,  its   *aii| 

la  Mk  «Mrr,  4Nb  *Jit. 

Stikinmun  iortK  dWuth- 
■ntn     gf,    Ap ;     )4ialir 

S>£lu<ma,  n^dUofaa  of . 
•76-,  MMlanud.  iii; 
Martnr,  ill-  w—attot, 
■  Mil  widiuu  Iwlmwai* 

ttl    ij,    ]l4i    rri(U4l    Ui- 

clinUlon.  it%,  jfcji  clTW. 
4a  I 

AnHmmlitfa*.     bnriMMa] 
•taawlB.  j>i.*|iii  In 
■ho^vaut.      ji4;      la ' 
onanlr  abyiai*.  11 1 ;  m^ 
tied  dtaan  ■».*]*• 

SnrnilaBTB  wMa.  u* 

A«a.  71II 
X(lr»llr,a».  »■ 

Srbu  Marr.  p*),  IM 

SimUmitmi.  ♦;j 

Snuna  wfta,  n«^  M* 
SaauMiM  Mitem,  7*a 


gt>pwiHi».  ».  lao.  am 

Shak.  n*.  )ii.  !■«.  if^ 
j»i.    aa^      41^    •4»«I 

■MMHW.     *••:      Vttif 
nlKMM.    j**^     foiMia*. 

■uAnt     *if>l      «til>*. 

»a>bk.«t«SihHiB 
0,1** 


lib 


8l3 

StuwsliKiink  sril,  $6$.  5X1 
Shtarlnft-plasM,  375.  4if. 

Khrrtt,      conHnporaneoiU. 

induiioot  in.  jot;  innt- 
bnlded,     tHr,-     intnjsive, 

Shelf,  cfjntinrtital,  167 

Shi'll,   of  cmirnution,  0*. 

ittr,     11;;      ol    flowijtr, 

M«.     JJft;    til    (niciutt, 

MOi    jTlil    o*    (iitrture 

wratluring.  q^  116.  117 

Shell-lMaki.  150.  jioi  •limr- 

Mnne,  '155.  jii;  -marl, 

tSO,   jii;    ■rutli,   194; 

•Miul,  190,,  IjK.  >6( 

SlwlU.  ol  rtlhcaphin,  «8 
Shenandiuh  K.  tSS 
Shcnaniiiiih  (kiii'ijIhIii,  51] 
Shrridan  stncr.  7^1 
Shuuclr.  >«»,  aos 

S'liml  wmcT,  J43;  drjvntU. 

JIS.  'Ml.  ifcft,  507 
Shcl^'tinn.  liikf.  176, 119 
Shilokagc  crxlu,  140 
Shrinkage  of  carlh.  f6i 
SirHUn  «laKr.  7)4 
SiJrrilT.  91.  Jio 
Slrrm    S'nuiiL.    ■&«,   4A4. 

•465,     (06.     510,     514; 

taiholilnn.     40) :.   rum- 

tTHion.  50Si   tievaiion, 

Wli.      7»».      JS9.  7*J. 

!Si;     Uult-icjtriia,  464, 
4X5;   faall.»!ill»yK  467; 

frost      anion    in,  iij; 

foldlQ):      ol,     JO);  bI«- 

tien,    1(1.    •■JS;  ihrr- 
mal  tpriiigt  al,  1J4 
SierroT  cru.  4S 

Sigiliaris.  *6j6.  Vn,  648, 

SNiiii,  11.  71.  i»i.  to;,  176. 

>7;.  >>>;.  ii^i^,  isg.  ■9*. 

*^.(,  IQ4,  loO.  »qS,  )li, 
40;.  41a,  510:  aiUDriihiniik. 
'^4i  joo ;  itlAtnrdonir, 
HH;    bydrntid.    la,    r44; 

Slllcklrri.  t).  105.  174,  >97: 
conijiln,  joi ;  drcooipoii- 
tinn  prnducl*  of,  17;  fcr- 
ro-mJKTiaiiin,   vSq,    ^94- 
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OMO,  313;   pr^pitMn, 

tett:  ncta.i04 
SLIicic  aciib.  11 
Silicon,  6,  I) 

Sill..  ,^3.   SM.  "J-A  *3V>. 

40  J*  407;  fuiion  ol  Mrata 

l.y,    ji)j ;     tofKfraphlul 

vflrcln,  460,  *4'>i 
Silurian.  ;ji.  547.  f^.  SIS. 

j07.     408.    Ijio:     Lowrt. 

j6o:   L'ppcr,  jjS 
Silirr,  41H 
Simtto  R.  141 
Sinclair.  W  J.  3;*.  378,  3;*. 

4JI 
SinkOiiilM,  •uj 
Sintrr,  •:)ikaTT>ciiit.  307 ;  bIi^ 

(«<u«.  iq».  9DS 

Siwillk  Hillx.  Pliocene.  764 
Sk.-ij>iHf  Jokul.  7^1^' 
Slate,   to;.  107.    40«,    4M. 

4i«.  4>i :  cIcaVRl.  411 
Sllckcnildcf.   j^j:  horiton- 

<al,  •jsj;  vmical,  •541, 

*3*i 
Slip  of  nriUa,  'j6,(,  JO4 
Slope  ol  fniilL  J40 
Somh,  J  P.  6rtj.  683 
Smith,  wm.  (177 
Snake  R.  48.1.  4H4.  48; 
Snakei,  ;"S.';i,t.  jjS 
Siicur  line,  1441  alide*,  149; 

tiniriuic.  151 
SoapeLonF,  iq 
Soda.    104.    Ij6.    178,   tod, 

Soilium.  n.  )q4*,  lartniude, 
>S;.  iiAi   chloridt,  »tti 

Siiil,    1SJ,  'lod,  107,  IHB. 

»to,       »4«.      »7*>      '79. 

jOO.    AiM,   619 
Solftr  (7«eni.  origin  o(,  S^ 

«8.J3» 
Soliditic>lion,ma4(miilii:.iS7 
Soiuiian.  mairniaUc.  ih« 
Sonora  e-utmiuaki ,  t  s 
SorTirtj(jmwfr,"l water,  rRj. 

1*3.   ii;.  301.   jio;  i>f 

wind,    lll».    1«J.   JIO 
Soulh    .^nirrirn.    AtaiMoa, 
iit'.  C-ntbontfFroutt  6>|; 
■Jnurmut,      7ili      I*f- 
Vonion,      «w;       Eocene. 

S4-,        JiirMuc       6B1; 
ioeenif,    7<«:    Ordnvi- 


7A4;    ritvt  itepodu,  M] 

tot.  >t>:  Silurian,  fft 

Trumc,  666  ^ 

Saalh  ShelUmI  Id;.  751 

Sfhtgrnrnm.  107.  ii>H 

SphrnophrlUia,  Ooa.  •bH 

tan 

SfknBpUrit,  ■A49 
I^aUngoMca,  6M 
SIlidcr^  347,  Oji 
SfiirHtr.   "tSi,    j8S.    "ttei 

Sinnle™l».  sg« 
Sfui/tntbt.  bliS 
Splls,   lake.    tiS;     laariu^ 

S|>ilahcrsrB.  ;«.  tiy,  hm 

Mtion.  115 
SpoiicC~«t*Culei.  ibj.  313 
Sfw««Wa.    jj;.    570.   ^ 

6oj^G>9,6i'0^7i« 
SprinE  drpoiiiB,  "i»i,  jo; 
Sprintn,    I>4.    131;    rlulv 

bcalr.      191;    dcpmiiun, 

»;;    AMsrT,    ijj.    "ij}; 

lerruguinuB.  »7^;  hi)l«'l'. 

131.  ■■31:  mineral,  191I 

ikmnal.  133,  430 
Spruna.  713 
Spun,  J   e,   116.  3j8,  4*1 

4*9 
SquiireU,  747.  J58 
Slack*,  jR4. 493 
Slarr.  Kr>c4«Kic>l,  S3» 
Stalattltr,  IM.  ^I 
StaluGmJie.  iu< 
Stamon,  'l"  W,'(i8o 
SlaiAihni,  Hv  AttrrcUn 
StaamtfMtu,  *s^S-  i>1 
Slmn.  ttS;  In  neuaMiib 

Um,   4U:   volcanic,   ilk 

60,  6>,  63,  «4,  «v  i^ 

(l8.M.q!.43a 
SltAIkLe,  (^ 
S(q;o>efihatii,      G36,     6fii 

•'■SJ.  ^S*.  *74 
.^(tvidavoT,  4-Xi 
.VMHMAem.  •JS4 
Stri>-(a<riU,  Ml.  •34S.  «H 

Sleppe  latina.  ;$» 

AaoWpBrrfla.  "j?! 

Slifnuria,  btj 

Suxk%,  400:  lofoitnylaal 

rttrcia.  460 
Slnmatoimb,  O87 
SltonM/we,  •5)1 


alification.  m,  3IB; 
IrttHuJar.  jot,  t»;  of 
ddtai.  iij;  of  siuorinc 
drtMiit,  a;t:  of  Doud- 
plain  dcpniitt.  toy.  ut 
hlw  deposit!,  ati;  of 
marine  ilcpuiti,  t4f; 
uf  rivrr  drpmlti.  ici; 
of  tuff*,  iot:  pUnn  oi. 
■  iSj;  rrKuUr,  105,  jij 
||Stratl<i«t  cr>'tt^nc  nxki, 

■nlitd  ractx.  (.  t.«i.  318: 
diiiurhuin)  •■>.  >;7.  J14: 
Joinli  of,    tjA;    reUtive 
agaof,  jii 
Ualuni.  J 19 
f  anw.  Mtf  kiims 
I  tin,  41I 

Stria.   Riacial.   •160.   •lAi. 
•.M*:       of     iljckcnsldr*. 

Sitiki-,  <if  umit.  3M,  "ji-l. 

S31);  nf  vrinn,  i)% 
Stnltflauhi,  iis.Ma,*nK 

Slringoirf-li^Iiu,  603 
'Striii|{ucr)iliiluii  t  JRiTtlanr, 

nboCss.  «i<  ;s.  79. 

fremtvi.  756 
Slioftitirdoiua,  •601,  60 J 
5ii'oMi""'>M,  *s;'.  SJJ 

Smflualylni.   's^s.   5*0 
Siylflina,  604 

Al|l#>iHnu,  jfl;.  Aoj 
SuhaCrinI,  .-ixriitii.44);  part 

of  i-inut.  49».  «oj 
Sub-Afionian     iti^,     71J. 

7JI>.  J»J 
Suwiuilnl  miij[iii*,  5),  j6f, 

Subjamit  bodln.  4«>4 
&ilb-l«fu*irliic   iiv«r  chan- 

BCU,    l«l 

Su)'nt»rinr,       nrthquakca, 
4T ;  pntlof  o<usl.  4^^.441; 

rivci  chnnn*U,  140;  viii. 

Siilniilrm-c,  rOnt  on  drttas. 

>  1 0. 9 1 1 1  effect  on  luwn) 

ilrpoilti,  14a 
Sulitoil.  10;,  IM 
Suhitiijie,  gnilu||ical,  5J0 
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Sul»llltilion,        molcmlar, 

Sutflrrranean  a^ncin.  t6, 
B8,    +91.    ♦Jj;    «re»injs 

Sucmaion       of       oripuiit 


Si' 


SWUM,  5.4.  MS 
Sueah  E,  4«q.  (<t5 
SucHonian  tfiKr.  1>* 
Suphidn,  cnruhrd,  4JI 
Sulphur,  b 
Sulphur  diutidr,  lli 
Sul|ihumlril  h^ilrtifen,  9t 
Sumatra.  jO;   vulnaon,  54 
Sumatian  Firtbi|unkf.  47 
Summar).    o(    dcniuniTC 
artiori,     1^^     <it    rtctid- 
•trnrtiw   ptoOTMrB.   ijK: 
of   lubtcrraDmi    Bflcnu, 
VS!  (d  Mruvtuial  gcoiogj, 

Sun  crack),  *3O0.  iti.  149, 
•»U.  »«.  4H,»;».  50J 

Suiir.-flcial  agendo^  ib 

Su|>crhr>H>d  MUtrr,  409, 
414:  ilrpoutioD  trdm.  y>4 

5u|irrpiiiilion.     order     of. 

Surf  are  MciiciH.  >0.  ft* 
Suaqurtianna   K.  4tt,  4qo, 

S'J 
Swanip,  Gnol  Dumal,  147. 

•198 
Swamp  depoiiU,  196;  walvr, 

Swiiat*.  andcni.  jto,  tti  j 

Sjitainara.  735 

Sftnitc.   J53,   W7;  taniil.v. 

>Q}.  SM;  -abu'linn.  fu;; 

•potphjry.  ti)f.  >«(> 
S^ndlnn,  jj;.  •S«B,  jjj. 

3j8.  364,  "4<».  4A  «6. 

4S7.  47'.   f'»:    Ta»ilt«d. 

fn:     fainti    IB.    ];«: 
STacUnodum.  'jjo 
5>*f]i«ura>,  rj7 

SyiintMhytit.  •6i»,  flja 
Sntem.   GcoIoKtcal.   jjo 

SJMcnu  nf  irrual  fomti,  7 

Tabic  fDounlaiiii,  40.  4]') 
Table  Mcnintalu  taniiMiiiii', 

„  5**.  SOT 
Tarhyljrte.  joj,  WD 
Taioaic  M 1^  ja7 )  iruriD, 

5*4 
Titniailanta.  7>q 


Talc.  II.  IK,  u« 

T.ikhir  ttJAe.  &4j 

Tj1uj.*iii,  II»,*iis,  ti7, 
I«I,  »J».  817,  4SJ,  jioi 
in  dnorta.  >4),  ji; 

Tamttiia.  'fiSj 

Tapifi.  jio.  I41.  J44.  J8r 

TaiT,  K  S,  46 

Taiarir  Miutr,  641,  654 

Taniui.  M4 

Tejon  srrim,  714,  liU 

TfrMJuanu,  fiu,  vig 

TrIrcMit,  teli,  65s,  ««i; 
7t« 

Trier ftun.  0)4 

Temlxjfo,  8j 

Trnncttec    R,   biitacy  of, 

Teniioo,  t4  roeka.  j4s.  jji; 

J»l.    JW.   j67i    gcneaia, 

s*s 

TiirtiatrSia.  'lij,  I17 
7Vr<^r4iMAl.  A34.  6;(.  *67i 

*7'S.  7'7 
TercMalulitlir.  tioj 
TeimllM,  ij-) 
Tcrrncc*.     tut     anil     Iniilt, 

>i7;      lake,      i;tt.     >;;, 

•*Hi:   riwr,  •!««.    aoi. 

•aoa,     "joij.  443;     rnk, 

no;  aca-iul,   i;i,  "i^t, 

441 
Termtridl  detxiiita.   tM      i 
Terrif(«)oui  ilcpcttU,  1t4fl, 

>S7-  ■■^i-  lefncraU.   i;o 
Trtintj'.  5J1,  7»i,  7a« 
TnludinnU.  mTunles 
rnnittoin.  757 
Trinibranchlua,  (;; 
Tdtacoralln.  5;>.'655,  070 
Tetniiinoal  lyiCeDi.  ; 
Trtrapupnn,  "sji 
TotUTi.  74.  M4,  1A8 
ThalaittAia'hia,  695 
Thanrs.  ntuair.  (le 
Thandian  Ui«c,  714 
Thniiium,  6)1 
rArramirki,  AM 

ThCTalii*.  iflj 
ThrriudoolU.  6)4,  6j4 
Thc'TotTphAlia.  67A 
Thilyi,  ft4S.  i>6i,  0*j 
7'U■Hl<dl^  7»i 
Ihruw,     »s.     "339,     •»», 

341;      hnritontal.     'jj*; 

itmicjta^tM..  ■  Vfv, "  v*- 


A 


TWiMn,   "in.    j*4.    j*s. 

SM.  *"1.  4**.  "*7'.  ?»S. 

-"      -  —  U,  J««;  faia, 
-JM:  WMntoe, 
-    .      mtaiaa,  i»j. 
■3.V:.-iS*L    lapucniibi- 
ml  rikcu  of.  ■;■ 
r*aritn.  «4 
ThsHnipu  Ponal.  4^ 
Tidr.  17).  no,  »*j,  >74 

TiUaltnu.  }>q.  }«■ 
TnUoK      C<       (auU-Uocl^ 

TUm-Km,  (i« 
Tl<~.    iliMJIiiiiliiii  of  )tF> 
4I,   s^:    iBrWMM 

I.    :i« 
lln,  tij;  oclde.  4i)l 
TlcoOc  •otak  b{H,  on 
TirtUui.  671 
rJAM^bJk^,  60J 
TIubIuib.  ^4)11 
TIlanoDwTc*.  759,  74t,  744. 

_;<(.  •7*0.  -47 

riMaMWroH,  745 

TlUBunn,  94, «} 

Tonfrtaa  Mkic  tm 

Tongun,  plMontc,  400 

Top«.ii 

Twofrapbr.  ccaUrac- 

iIihL-  43IS,  4J7-.  ibtrr- 
■liOM  )i}-  (trAiiitniinK 
of  nHks.  4^.  1X1:  rSra 
on  dc|i(allK>n,  iSb;  ulii- 
clkl,  'tjl.  44i:  intuilic, 
4l'i.    4561   vulivuc,  4)6, 

_"4.17.4W 

r#rMdltful,  *7iit 
ToTKjMi  tuxe,  ?J4.  tVt 
Tcnonian  •taor,  })4 
Tvattltt,  71 J 
Tuo<t<jnli4.  JJ«.  7*7 
Tnukyim%,  6jj 
Trachylc,  »oj,  SBl;  -por- 

J*in'i  '13 

Trarki.    ol     Un4-«BJnuis. 

>^  >!'■  175;  «J  womu, 
•156 
TrjmiiuitlMlaB.      1)7,      q8; 
iSj.    t*;t    (llnrirr,     104; 
Ur,     jr4:     nivr,      >44; 

1.       i3\ 

■iiinu  punwT  nl  riin. 
,— T,      U*.    V9, 


Tnonife.  sK  5S*.  to6^  «»T 
Trsmliac.  ■•>,  ■(««.*•), 

Tnr-bar.  }09 
Tmiuitut  (rriiB.  5lia 
Tnaatta.  •571 
rrrMMMMw.  "SBf,  5*9 
Ttmcbf.  ■« 

Tnratwi  Mtfc,    s»a,   M4. 

rSvllim.  )7.1.  •»?* 
T»U»i<,  Sii,  ^37.  e>4t,  W. 

Tiibularidk  4^1  cHendca 
tt,  4M :  lutattiucat.  4G5 
rrfuMto^,  ■71a 
Tiklisic  •iTitnn.  7 

TiOobiU,  S47.  SSS.»M.t7». 

•ST*.  5*).  *«».  (-ii.  frjo. 

6(6 
TriBKTrlKd*.  5tt 
TrioKiric  iinuiB,  t 
TnmHj  alaiK  7o>.  MS 
THandifH).  jjj,  "576 
Ttiflttia.  's?! 
Triptdi  pt>«'Icr.  >M 
Tiutui  d'Acunk^  jj 
T^rwJkDurdi.  •sHj,  jS} 
TtftbaOU'.  ST  J 

I'rcplciJ  MO),  drtMNB  in, 
>'« 

Tropjci,  ccnliaonMl  ilc- 
IKaiU.  14J.  tjo:  clMicTK 
tji;  nia  aruocw.  104; 

TnfiJffrflui,  *V)oi,  603 

rTOUf:h-(4ull,  ■J46,  841, 
J»4.  4A7 

Tuu,  caJcimouf.  *1I4>  K"? 

Tub.  63.  ftl.  >7J.  «>■■ 
jS7,  joo.  40(>;  mcLi- 
morphiHfii  of,  4«>;  '^ 
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